JOURNAL OF THE SOCIETY OF 


MOTION PICTURE 
‘o 
ann |L ELEVISION 


ENGINEER S&S 





Screen Viewing Factors Symposium 
Luminance Discrimination 
Influence of Surround Color 
Visual Performance at Low Brightness 
Surround Brightness Factor 
Photometric Factors 
Relating Production to Exhibition 
Screen Brightness Committee Report 


High-Speed Light Source 
Dynamic TV Transfer Characteristic 
Filters in a TV Camera 
Duplication of Color Images 
American Standard 


70th Semiannual Convention * October 15-19 * Hollywood 


SEPTEMBER 1951 





Society of Motion Picture and Television Engineers 
JOURNAL VOL. 57 SEPTEMBER 1951 NO. 3 


Arthur C. Downes Victor H. Allen Edward S. Seeley 
Chairman, Board of Editors Editor Chairman, Papers Committce 


Foreword — Symposium on Screen Viewing Factors. . W. W. Lozier 
The Luminance Discrimination of the Human Eye 


Influence of Color of Surround on Hue and Saturation 
Davin L. MacApam 


Visual Performance on Perceptual Tasks at Low Photopic Brightnesses . 
S. D. 8. Spracc 


Surround Brightness: Key Factor in Viewing Projected Pictures . . . . 
Syivesrer K. Guru 


Photometric Factors in the Design of Motion Picture Auditoriums . . . 
Henry L. Locan 


New Approaches Developed by Relating Film Production Techniques to 
Theater Exhibition . Benjamin ScHLANGER and Wiiu1amM A. Horrserc 


7 Report on Screen Brightness Committee Theater Survey . W. W. Lozier 


Light Source for Small-Area High-Speed Motion Picture Photography . 
Ricuarp I, Dersy and Artuur B. Nees 


Dynamic Transfer Characteristic of a Television Film Camera Chain . . 
W. K, Gruawoop and T. G. Vea 


Use of Color Filters in a Television Film Camera Chain 
W. K. Graawoop and T. G. Vea 


Duplication of Color Images With Narrow-Band Filters 
Ropozr J. Ross 





Picture Film—Alternate Standards 
for Either Positive or Negative 


**SUbseription to nonmembers, $12.50 a 
copies, $1.50. Order from the Society's 

Seline and single copies. Published month 

Publication Office, 20th & Northampton Sts., 


as 
, 1951, by 
in writing from the 








Foreword 


Symposium on Screen 


Viewing Factors 


By W. W. LOZIER, Chairman, Screen Brightness Committee 


THE SUBJECTIVE IMPRESSIONS received 
during the viewing of motion pictures 
are influenced by a great many factors. 
What the eye sees on the screen is the 
result not only of the conditions of the 
original scene, but also of the many steps 
of film processing and all the elements 
involved in the projection of the finished 
motion picture. 

The Screen Brightness Committee has 
long been interested in the problem of 
establishing a scientific basis for deter- 
mining preferred viewing conditions. 
The Committee sponsored a symposium 
on subjects pertaining to screen bright- 
ness at the Fall 1935 Convention of the 
Society. The record of this meeting, 
published in the May 1936 JouRNAL, 
summarized the state of knowledge at 
that time and served as the basis of 
formulation of a recommendation for 
projection screen brightness for 35-mm 
motion pictures. Technological de- 
velopments since that time have greatly 
changed some of the basic factors in- 
volved. A summary of work done and 
current thinking on the problem of 
screen brightness was contained in a dis- 
cussion prepared by F. J. Kolb, Jr., and 
published in the April 1951 JouRNAL. 
Subsequently, the Screen Brightness 
Committee sponsored the Screen View- 
ing Factors Symposium at the May 2nd 
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session of the Spring Convention of the 
Society in New York this year. It is the 
conviction of the Screen Brightness 
Committee that the definition of the pre- 
ferred conditions of viewing motion pic- 
tures is, in large measure, subject to 
scientific determination. The papers 
presented at the above-mentioned Sym- 
posium and published in the following 
pages are serious efforts and the first 
results of renewed activity in this direc- 
tion. 

E. M. Lowry, in his discussion of the 
luminance discrimination of the human 
eye, gives results of evaluation of the 
sensitivity of the eye, in this regard, as 
affected by the size and brightness level 
of the surrounding areas. MacAdam 
shows that the subjective impressions of 
hue and saturation are greatly influenced 
by the color quality of the surrounding 
light to which the eye is adapted. Criti- 
cal levels of illumination, below which 
marked impairment of visual perform- 
ance occurs, are indicated by Spragg in a 
study in a seemingly unrelated field 
which may, however, prove meaningful 
for motion picture viewing. Laboratory 
audience-preference studies by Guth 
relate preferred brightness levels of sur- 
rounding areas to the picture brightness. 
Logan, and Schlanger and Hoffberg 
present practical approaches to the prob- 
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lem of illumination of the areas sur- 
rounding the screen in a motion picture 
theater. 

The “Report on Screen Brightness 
Committee Theater Survey” summarizes 
the results of measurement of screen 
brightness and related factors in 125 
representative motion picture theaters in 
this country and in 18 West Coast review 
rooms used for viewing 35-mm motion 
pictures. The screen brightness for 
the majority of theaters is shown to be 
within or near the currently recom- 
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mended standards, but there is a wide 
range of extreme values of brightness 
and other factors in a minority of the 
theaters which fall far outside the range 
of good projection practice. 

It is the sincere hope of the Screen 
Brightness Committee that the papers 
reported in these pages will serve to 
stimulate many other worth-while tech- 
nical studies on these subjects which will 
further assist in putting motion picture 
viewing on a scientific basis. 
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The Luminance Discrimination 


of the Human Eye 


By E. M. LOWRY 


Data are presented to show not only the effect of the luminance to which the 
eye is adapted on its ability to discriminate differences in luminance, but also 


the effect of the visual angle upon this important ocular function. 


That 


luminance discrimination depends upon whether the observer’s attention is 
fixed upon a highlight or shadow region is shown by data on threshold lumi- 
nance when scenes are being viewed in which the luminance varies over a 


wide range. 


‘me THE VISUAL comfort of the audi- 
ence in a motion picture theater has been 
of great interest for a long time is evi- 
denced by the many papers on the sub- 
ject of the projection screen and its sur- 
roundings, as well as by the activities of 
the Screen Brightness Committee of this 
Society. This interest arises in large 
part from the known fact that fatigue re- 
sults when the eyes are used over ex- 
tended periods in attempting to discern 
fine detail or to discriminate luminance 
differences when the luminance is so low 
that the visual system is working near its 
limit. As indicated by the title, this 
paper is concerned with the ability of 
the eye to discriminate differences in 
luminance. Its further purpose is to 
emphasize that, contrary to the often- 


Communication No. 1412 from the Kodak 
Research Laboratories, a paper presented 
on May 2, 1951, at the Society’s Conven- 
tion, Screen Viewing Factors Symposium, 
at New York, by E. M. Lowry, Eastman 
Kodak Co., Kodak Park Works, Rochester 
4, N.Y. 
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accepted notion, the sensitivity of the 
human eye to luminance differences is 
much more affected by the luminance of 
the region immediately surrounding the 
point of attention than by the average 
luminance of the scene. 

In the interest of clear understanding, 
some definition of terms is desirable. 
Throughout this paper, the word lumi- 
nance is used in place of brightness.!. The 
unit of luminance is the foot-Lambert? 
and is equal to the average luminance 
of a perfectly diffusing surface emitting 
or reflecting one lumen per square foot. 
That is to say, the average luminance 
in foot-Lamberts of any reflecting surface 
is the product of the illuminance in foot- 
candles by the reflectance of the surface. 

Luminance discrimination or contrast 
sensitivity has been the subject of much 
investigation since the classical work of 
Kénig and Brodhun some seventy years 
ago. A very large portion of the data 
collected has been under highly special- 
ized conditions, such as a restricted field 
of view, low luminance surround, an 
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Fig. 1. Plan view of Visual Sensitometer. 


artificial pupil, monocular viewing, etc. 


Such conditions have little, if any, re- 
semblance to those which exist when an 
observer is viewing a scene; for example, 


a landscape out of doors. Normally he 
observes with both eyes, and the lumi- 
nance may vary from nearly zero to 
thousands of foot-Lamberts. In addi- 
tion, almost every scene presents to the 
eye a variegated pattern of color. Not 
only changes of light and shade exist, but 
also a gamut of many hues of varying 
saturation, as well as objects of manifold 
shapes and sizes. As an end result, the 
entire visual field is a complicated design 
made up of a host of variables, each of 
which may in some way affect the per- 
ceptions of the observer. 

In an attempt to obtain numerical 
data under conditions simulating those of 
normal viewing, and yet provide ade- 
quate control of the factors of size of the 
visual field as well as of the test-spot 
luminance, and the luminance distribu- 
tion in the surround, an instrument, 


188 


which we have called a Visual Sensitom- 
eter, was constructed. 

A plan view of this equipment is 
shown in Fig. 1. Here, H is a hemi- 
sphere one meter in diameter, with a 
conical-shaped cover, C. Both hemi- 
sphere and cover are painted inside with 
a matte white paint. At A is a test-field 
aperture of variable size and in the cover 
at E, a viewing aperture of sufficient 
diameter to permit placing the head of 
the subject in such a position that his 
visual field is almost 180°. The position 
of the observer’s eyes with respect to the 
test aperture is fixed by means of a head 
and chin rest. Illumination of the 
sphere is accomplished by means of a 
ring of lamps, O,, and the luminance of 
the sphere wall, that is, the surround or 
adapting field, is controlled by a ring- 
shaped shutter, S, which is adjustable 
over the gap between the rim of the 
sphere and the cover. With this 
arrangement, the luminance of the sur- 
round can be adjusted from zero to 
approximately 1000 ft-L. 

Light from a biplane filament projec- 
tion lamp, Os, passes through the 
flashed opal glass, G, the lens, Li, the 
neutral wedges, W, the lens, Le, the bi- 
prism, B, the totally reflecting prism, P, 
the lens, L,, the neutral filter, F, and the 
diaphragm, A, to the eyes of the observer 
at E. By means of this optical system, 
each eye of the observer views an aerial 
image of the biprism, B, in the form of a 
two-part field subtending an angle of 
1.5° at the eye. The form of the field is 
shown in the insert ata. The luminance 
of the halves of this field is regulated by 
the neutral wedges at W, one of which 
can be adjusted by the person making 
observations. 

In making a series of settings either for 
luminance match or for just-noticeable 
difference in luminance, the subject 
turns a knob which moves one of the 
wedges until he is satisfied that one field 
either matches or is just higher or lower 
in brightness than the other. An assist- 
ant records the wedge setting. While 
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Fig. 2. Luminance discrimination, AB,,, of the eye as a function of the 
test-field luminance, B,,, in foot-Lamberts for surround luminances of 
0, 1, 10, 100 and 1000 ft-L. 


the method of just-noticeable difference 
was followed in the work reported in 
earlier papers,*4 a slight modification of 
that technique was adopted when secur- 
ing the data presented here. Instead of 
setting for a just-perceptible difference 
between the two halves of the test field, 
the observer adjusted for equality of 
brightness and approached the balance 
point from each side. Five settings were 
made for each direction of approach to 
the balance point, and the average 
deviation from the mean was taken as a 
measure of the differential threshold, 
AByu. The symbol ABs is used to 
represent the difference in luminance be- 
tween the two halves of the test field, 
which is just at the border line of dis- 
cernibility. This method of securing the 
data seems to give the subject a little 
more confidence in reporting than when 
setting for least-perceptible difference, 
because it provides a somewhat more 
definite end point for his observations. 


E. M. Lowry: Luminance Discrimination 


In Fig. 2 are shown the data obtained 
for a series of luminances of the condi- 
tioning field, and each point plotted 
represents the average of from three to 
five runs on different days for each sur- 
round luminance. Probably the most 
noticeable feature of these curves is that 
above a certain luminance of the test 
field the discrimination remains con- 
stant, regardless of the surround, and 
that the slope of the curve is very nearly 
45°. This, of course, means that the 
much-discussed Fechner Fraction is also 
constant above this value. There is 
absolutely no indication from the data 
that the ability of the human eye to dis- 
criminate difference in luminance de- 
creases even for values of the test field as 
high as 8000 ft-L. These results are in 
substantial agreement with those previ- 
ously reported by the author® and by 
Jones. Data by Steinhardt,® and by 
Craik® also demonstrate that contrast 
sensitivity remains constant even at the 
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Fig. 3. Ratio of Pa. plotted as a function of log B,, in foot-Lamberts for surround 


B 
By, 
luminances of 0, 1, 10, 100 and 1000 ft-L. 


highest values studied, which were seems safe to state that at luminances 


approximately 10,000 and 4000 ft-L, 
respectively. 

By means of a special optical system, 
an attempt was made to determine 
whether a sufficiently high luminance of 
the test field would reduce visual sensi- 
tivity for luminance differences. With 
this setup, a two-degree test field yielded 
a maximum luminance of approximately 
32,000 ft-L, and, although rather per- 
sistent afterimages resulted, none of the 
observers participating in the test showed 
a decrease in his ability to detect a 
luminance difference of about 4%. In 
fact, each one reported that at the high- 
est luminance the contrast was at least as 
apparent, if not more so, than at the 
lower ones. Although this test was 
more qualitative than quantitative, it 
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considerably above those encountered in 
any practical situation the visual mecha- 
nism retains its ability to distinguish a 
constant fractional difference in lumi- 
nance. 

The data shown in Fig. 2 have been 
replotted in Fig. 3 as the more familiar 
A4B/B as a function of log By. From the 
curves of this figure it will be seen that in 
the region of maximum luminance dis- 
crimination, represented by the flat 
portion of the curves, the ratio AB/B is 
just slightly over 1% and that this holds 
for test-field luminance above 0.3 ft-L 
for a dark surround. For higher values 
of surround luminance, namely, 1, 10, 
100 and 1000 ft-L, the straight-line por- 
tion of the curves begins at correspond- 
ingly higher luminances of the test field. 
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ig. 4. Luminance of subjective black for surround luminances of 0, 1, 10, 100 
and 1000 foot-L. 


Subjective Black 

Another aspect of the luminance dis- 
crimination of the eye which is of con- 
siderable importance is the luminance 
which will appear black. With the 
same equipment used in collecting data 
on contrast sensitivity, the visual thresh- 
old for luminance was determined with 
the same surround conditions as before, 
and the results are plotted in Fig. 4. As 
was the case with the differential thresh- 
old, so, with subjective black, the curve 
becomes linear above a surround lumi- 
nance of approximately 1 ft-L, and has a 
slope of about 45 degrees. This means 
that for a surround higher than 1 ft-L, 
the luminance which will appear black is 
a constant fraction of that to which the 
eyes are adapted. As the conditioning 
luminance is reduced to zero, the values 
for subjective black approach the thresh- 
old for the dark-adapted eye, and the 
curve becomes asymptotic to the axis of 
abscissas. 
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Effect of the Size of the Surround 
on Threshold Luminance 


While it is necessary to have informa- 
tion as to how the visual system responds 
to luminance and luminance differences, 
it is also important to know the effect of 
the size of the conditioning field on this 
function. For this purpose, a simple in- 
strument called an “adaptometer” was 
built. It consisted of a brass tube 16 in. 
long and 1.5 in. in diameter, blackened 
both inside and out. In one end of the 
tube a small tungsten filament lamp was 
mounted behind a disk of flashed opal 
glass. In front of the opal glass was a 
black diaphragm with a 1-in. aperture 
which served both to limit the size of the 
field and to eliminate specular reflectance 
from the interior walls of the tube. By 
means of a long flexible wire cable, the 
lamp was connected to a 6-v storage 
battery through an ammeter, a rheostat, 
and a microswitch in the hands of the 
operator. The luminance of the opal 
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Fig. 5. Luminance of subjective black as a function of visual angle for constant sur- 


round luminance. 


@—white target = 348 ft-L, gray rings 5.5 ft-L; x—white target 


= 211 ft-L, gray rings 3.2 ft-L. 


glass in foot-Lamberts was measured for 
a series of filament currents, and a 
calibration curve of luminance as a 
function of current plotted. 

For the purpose of making readings, 
the observer took up his station at a dis- 
tance of 20 ft from the adaptometer. 
The instrument had previously been 
placed in line with the part of the scene 
to be investigated. Then, while viewing 
the opal glass, which at this distance sub- 
tended an angle of 15 min, through the 
open end of the blackened tube and 
against the background chosen, the 
observer adjusted the lamp current until 
by repeated interruptions of the current 
he could no longer distinguish a flashing 
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of the light from the lamp. The lumi- 
nance of the opal glass at the current for 
disappearance of the flashing light repre- 
sented threshold luminance or subjective 
black. Of course, variation of the lamp 
current produced a change in the color of 
the light emitted, but, since the lumi- 
nances were quite low, it was felt that 
this effect could be neglected. Further- 
more, because of the small filament di- 
mensions, there was little lag between 
current pulses and filament temperature 
on either making or breaking the circuit. 

With this equipment set up behind a 
circular white target having a hole in the 
center to accommodate the end of the 
adaptometer tube, a series of threshold 
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determinations was made. The lumi- 
nance of the target was maintained at a 
constant value, and a number of differ- 
ent-sized black rings were placed on the 
white background. to present a variety of 
sizes of visual angle. The size of the 
white target was 12° at the eye, and the 
rings varied in size from 0.5 to 12°. 
Measurements at two luminance levels 
(Fig. 5), namely, 348 ft-L and 211 ft-L, 
demonstrated that for visual angles over 
about 3° the effect on subjective black is 
negligible. In other words, it is the 
luminance of the object which lies close 
to the point of fixation that primarily 
controls visual sensitivity. This same 
effect has been reported by Wright’ and 
by Crawford. In studies of motion 
picture projection, Reeb® found that only 
the luminance of the center of the screen 
was of importance and that varying- 
sized areas of the picture had no effect on 
the ability of the eye to distinguish 
differences in screen luminance. 


Threshold Luminance Under Field 
Conditions 


So far, the results reported have been 
those obtained in the laboratory under 


controlled conditions. In order to test 
the visual response when viewing outdoor 
scenes, the adaptometer, mounted on a 
tripod, was carried to the location 
selected and set up so that it was viewed 
with the various points of interest in the 
scene as the immediate surround. For 
purposes of record and future experi- 
ments, a camera was placed at the 
observer’s station and the scene photo- 
graphed. Figures 6, 7 and 8 illustrate 
the instrument as used. The data 
printed on the figures show the lumi- 
nance at the point indicated as well as 
the value obtained for subjective black. 
Up to the present, only a few scenes have 
been investigated, so that the data can 
be nothing more than indicative. They 
have been plotted in Fig. 9, together 
with the curve for the threshold taken 
from Fig. 4. 

While at first sight there appears to be 
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little correlation, and perhaps even some 
contradiction, between the values ob- 
tained in the laboratory and those re- 
sulting from observations in the field, a 
number of factors must be considered in 
drawing conclusions. It may be said, 
however, that the results do line up more 
or less in the order expected, that is, the 
lower the luminance of the area immedi- 
ately surrounding the adaptometer, the 
lower will be the luminance of subjective 
black. 

Visual phenomena as examined and 
reported by a large number of investi- 
gators have shown that what an observer 
perceives at any particular place in the 
visual field at a given time is dependent 
not only on the immediate stimulation, 
but also upon the preceding stimulation 
from the entire field and upon that from 
the region closely surrounding the test 
area. A part of the discrepancy, in the 
results reported here, is probably caused 
by the radical difference in the sur- 
rounds. In the laboratory, the adapting 
fields were uniform, while in actual 
scenes they were extremely nonuniform. 
Because of this lack of uniformity, the 
difference in completeness of adaptation 
for the particular area tested may well 
have been a contributing factor in the 
lack of agreement shown. It is very 
difficult to gaze steadily at a given point 
for two or three minutes until the eyes 
become thoroughly adapted to the 
luminance closely adjacent to the test 
field, and this is especially true when the 
surround consists of a complex pattern, 
such as is the case in the average outdoor 
scene. For the case of a uniform condi- 
tioning field, slight eye movements are 
not of great consequence, since the 
conditioning luminance remains con- 
stant. When a variable luminance is 
present, however, any slight shift in 
direction of view will result in a change of 
adaptation. 

In the opinion of the writer, the chief 
value to be derived from the data taken 
in the field is their evidence as regards 
the difficulty of interpreting the results of 
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Fig. 6. Dlustration of the use of the adaptometer for field work. 
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Fig. 7. Illustration of the use of the adaptometer for field work. 
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Fig. 8. Illustration of the use of the adaptometer for field work. 
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Results obtained for subjective black when viewing outdoor scenes. 


curve represents data taken in the laboratory. 


x — from Fig. 6; ©) — from Fig. 7; © — from Fig. 8. 
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controlled experiments on visual func- 
tion in terms of practical problems. 
Before this may be done satisfactorily, a 
great deal more information must be 
obtained on the actual viewing situation. 
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Discussion 

Anon: Approximately how many sub- 
jects have you tested in each viewing 
situation? 

E. M. Lowry: We've had, in all, five 
different subjects. 

Anon: Did you get the impression that 
the results would have been much the 
same if you had used a great many more 
subjects? 

Mr. Lowry: The curves might have 
been somewhat more smoothed out with 
a greater number of subjects, but I believe 
the results would have been substantially 
the same. 
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Influence of Color of Surround on 
Hue and Saturation 


By DAVID L. MACADAM 


Loci of constant hue are shown for daylight, tungsten light, and green and 


blue surrounds. 
sten-light surrounds. 
also shown. 


ye APPEARANCE Of a projected color 
picture depends on the state of adapta- 
tion of the audience. This is governed 
by the picture itself, by its predecessors 
within the past few minutes, and, to an 
important extent, by the color of the 
light in the field of view surrounding the 
screen. This last factor is the subject of 
this paper. 

The effects of adaptation to various 
surrounding colors are qualitatively well 
known. Usually the picture appears to 
be off balance, with a predominant hue 
approximately complementary to the 
color of the surroundings. For this 
reason, chromatic surroundings are 
frowned upon by some makers of color 
films. Furthermore, even a_ neutral 
surround, albeit rather low in intensity, 
stabilizes the adaptation of the audience 
and causes them to notice unintentional 
variations of balance in a film. In an 
almost completely darkened theater, the 


Communication No. 1419 from the Kodak 
Research Laboratories, a paper presented 
on May 2, 1951, at the Society’s Conven- 
tion Screen Viewing Factors Symposium, 
at New York, by David L. MacAdam, 
Eastman Kodak Co., Kodak Park Works, 
Rochester 4, N.Y. 
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Loci of constant saturation are shown for daylight and tung- 
The effects of field size and simultaneous contrast are 


projected picture governs the adaptation 
of the audience so as to compensate, more 
or less completely, for accidental vari- 
ations of balance. Any illumination of 
portions of the visual field near the 
screen provides a reference white, so that 
variations of balance become more 
noticeable. For this reason, some mak- 
ers of color films strongly recommend 
that the light in the surroundings be kept 
to the bare minimum required for safety. 

As other speakers in this symposium 
have indicated, considerably more than 
the statutory minimum is necessary for 
comfort and “‘good seeing.” Therefore, 
it seems desirable to have some quanti- 
tative data concerning the effects of the 
color of the surround on the hues and 
saturations perceived in projected pic- 
tures. Such data may indicate the best 
colors for surrounding illumination, so as 
to obtain optimum safety, comfort and 
vision with minimum disturbance of the 
hues perceived in the picture. Adequate 
data may indicate some condition of 
balance which, paired with a particular 
quality of light in the surround, will 
cause the least perceptible effects for 
normally expected variations of balance 
and auditorium lighting. 
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Fig. 1. Schematic diagram (horizontal cross section) of twin colorimeter, 
observing booth and observer’s eyes. 


To obtain and show such data, it is 
necessary to employ a method of measur- 
ing colors which is independent of vari- 
ations of adaptation of the observer. 


With such a method, it is possible to de- 
termine the variations of measured colors 
which are required to produce equivalent 
effects under various conditions of 
adaptation. 

A method, of the kind required for 
measuring colors and for representing 
the effects in which we are interested, 
was recommended in 1931 by the Inter- 
national Commission on Illumination. 
It was adopted by the American Stand- 
ards Association as a War Emergency 
Standard in 1942, and within the last 
month has been reaffirmed as a regular 
American Standard.' The method has 
been described previously in __ this 
JournaL.?;* The chromaticity diagram 
which is commonly used to represent the 
results of color measurements, is very 
useful for representing and interpreting 
the results of quantitative research on 
color vision. Any color is always repre- 
sented by a fixed point in the chroma- 
ticity diagram, regardless of the effects of 
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adaptation in changing the perceptions 
arising from that color. This property 
of the chromaticity diagram implements 
the psychophysical definition of color‘ as 
“characteristics of light.””. These charac- 
teristics are independent of the state of 
adaptation of the observer. On the 
other hand, the chromatic attributes, hue 
and saturation, of the sensation resulting 
from any color, depend very much on the 
observer’s state of adaptation. The co- 
ordinates of the point representing a 
color do not change, but hue and satura- 
tion do, when the color of the surround is 
changed. 

The experimental arrangement used 
to get the desired data is indicated in Fig. 
1. This is a horizontal cross section 
through a twin colorimeter, the observ- 
ing room, and the observer’s eyes. The 
amounts of light passed by the red, green 
and blue filters, R, G, B, are varied by 
rectangular diaphragms, moved in verti- 
cal slots by remote control. These 
beams are mixed in the interiors of two 
hollow white spheres. The blended 
light within the spheres is viewed through 
portions of two plastic Fresnel lenses. 
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They appear as two adjacent semicircles. 
They are surrounded by a fluorescent 
cloth which glows with light of whatever 
color is desired. The cloth is irradiated 
with ultraviolet energy, which excites 
the surround but does not contaminate 
the colors of the light in the central field. 

Figure 2 shows series of points in the 
chromaticity diagram. Each series rep- 
resents colors of various saturations, all 
of which appear to have the same hue 
when seen with a black surround, The 
point W represents the color which 
appears to be white when no other colors 
are visible. The innermost point on 
each curve represents the color which 
appears to be white when the adjacent 
semicircle has the color represented by 
the outermost point. The differences 
between W and the innermost points, 
therefore, represent the effects of simul- 
taneous contrast, and indicate possible 
effects of various colors in a picture on 
the appearance of neighboring colors in 
the picture. 

Figure 3 shows series of colors which 
appear to have constant hue when sur- 


rounded by light matching the chroma- 
ticity of a blackbody at 3200 K. These 
curves are entirely different from the pre- 


ceding ones. Their center of conver- 
gence represents a color that appears 
white when seen alone in such surround- 
ings. The innermost point on each 
curve represents the color that appears 
white in such a surround, when seen side 
by side with the saturated color repre- 
sented by the outermost point. Figure 4 
shows the constant-hue series and the 
effects of simultaneous contrast in a blue 
surround, the color of which is indicated 
by the cross. Figure 5 shows constant- 
hue curves and the effects of simultane- 
ous contrast when the general surround 
is green. 

The preceding results were obtained 
with a test field subtending 12°. Figure 
6 shows results obtained with a test field 
subtending 2°, with a surround only 
slightly greenish compared to daylight. 
In this case, hues particularly easy to 
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remember were chosen. ‘Thus, the yel- 
low was neither greenish nor reddish, 
and the purple was not predominantly 
bluish nor reddish. The innermost ex- 
tremity of each curve again represents 
the color which appeared white in one 
semicircle, when the saturated color 
represented by the outer extremity was 
in the adjacent semicircle. 

The oval curve represents a series of 
colors of various hues but equal satura- 
tion, as judged by comparing neighbor- 
ing hues in the 2° field.6 These com- 
parisons were begun at yellow and 
progressed through orange, red, purple, 
blue and green, back to yellow. The 
sequence was then reversed, with results 
which verified quite closely the results of 
the first sequence. The circle near the 
center represents the color of the sur- 
round, which at all times appeared as an 
acceptable white. 

Figure 7 shows similar results for the 
same hues, and for constant saturation, 
with a surround nearly matching the 
color of a 3200 K blackbody light source. 
The results for the two different colors of 
surround are compared in Fig. 8. The 
saturations corresponding to the con- 
stant-saturation ovals were not neces- 
sarily equal in the two surrounds. 

Very few data of the kind shown here 
have been published. Bouma and 
Kruithof? identified sets of colors which 
appeared to have the same hues in 
several surrounds. They did not deter- 
mine constant-hue loci, estimate the 
saturations of their colors, or evaluate the 
effects of simultaneous contrast. As a 
matter of fact, they assumed the con- 
stant-hue loci to be straight lines radiat- 
ing from the point representing the sur- 
round, and they drew far-reaching con- 
clusions from extrapolations based on 
that assumption. 

Newhall, Nickerson and Judd* pub- 
lished curves of constant hue and satura- 
tion derived from observations of Mun- 
sell paper samples in daylight. Helson 
and Grove® studied the changes of hue, 
lightness and saturation of surface colors 
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Fig. 6. Loci of named hues and of con- 
stant saturation in a 2° field, surrounded 
by daylight (shown by circle). 














in passing from daylight to incandescent- 


tungsten-lamp light. The meaning of 
their results is obscured by the fact that 
the color stimuli, adaptations and per- 
ceptions were all permitted to change 
simultaneously. To determine unam- 
biguously the effects of adaptation on 
color sensation, it seems advisable either 
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Fig. 7. Loci of named hues and of con- 
stant saturation in a 2° field, surrounded 
by incandescent-tungsten-quality light 
(shown by circle). 


Fig. 8. Comparison of loci of same hues, 
and of constant but not necessarily equal 
saturations, in 2° field surrounded by 
daylight (broken-line curves) and tung- 
sten light (solid-line curves). 


to keep the stimuli unchanged and report 
the hue and saturation resulting for 
different adaptations, or to readjust the 
stimulus for each adaptation so as to keep 
the hue and saturation unchanged, as 
was done by Hunt," and as was done for 
hue, although not for saturation, in the 
present investigation. 

Within the past year, Richter has 
published curves purporting to represent 
various degrees of saturation. These 
were interpolated and extrapolated from 
the curve shown by the broken line in 
Fig. 9. ‘The solid curve is that shown in 
Fig. 6, for adaptation to daylight. Un- 
fortunately, Richter did not control the 
adaptation of his observer, nor determine 
what stimulus appeared white under his 
conditions of observation. Since his 
judgments of equal saturation were made 
with a dark surround, it might be pre- 
sumed that white is represented by the 
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Fig. 9. Comparison of Richter’s locus of constant saturation in dark surround 
with locus of constant saturation in daylight surround (solid-line curve). 


point marked with a question mark. 
This guess is based on determinations of 
white in dark surrounds by Priest,!* 
Helson and Michels,'* Hurvich and 
Jameson,'4 and MacAdam.' However, 
the effects of simultaneous contrast, indi- 
cated by Fig. 2, must have resulted in a 
different criterion of white and a different 
basis for saturation for each hue. The 
interpolation of curves for other degrees 
of saturation in Richter’s method was 
based on the implicit assumptions that 
white paper would appear white when 
seen through the instrument used to de- 
termine the curve in Fig. 9, and that the 
effects of simultaneous contrast would 
not disturb the criterion, for white. 
Since he did not use any surround to con- 
trol adaptation, these assumptions do not 
seem to be admissible. Therefore, the 
curves Richter interpolated and ex- 
trapolated are of doubtful significance. 
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In conclusion, it can be stated that the 
color of the surround influences, to an 
important extent, the hues and satura- 
tions perceived in a picture. The re- 
sults shown in Figs. 2 to 8 are intended 
as a guide in estimating the kind and de- 
gree of effects to be expected with 
various surrounds. These results also 
indicate that engineers can no longer be 
content with looking at colors. The 
effects of adaptation are too great to be 
ignored, and are too complicated for 
guesswork, or for reasoning based on 
casual impressions. In order to deal 
effectively with color, it is necessary to 
measure color. 
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Discussion 

W. W. Lozier: I would like to have 
you go through briefly again what you 
did in the manipulation of those two parts 
of the test field. I missed something 
important in there and perhaps someone 
else did, because it seemed to me that 
if you had control over both halves of 
the field, and you were trying to make 
some sort of a photometric balance, you 
would come to a condition where they’d 
both be just the same. Now what did 
I miss in there? 

D. L. MacAdam: The observer never 
was asked to match a color completely. 
He was, for instance, asked to establish a 
yellow, which in his opinion was neither 
reddish nor greenish, in the right half of 
the field. Then, during the rest of that 
particular experiment, he did not touch 
the controls of the right half of the field. 
He adjusted the controls of the left half 
of the field in such a manner that he main- 
tained the same brightness and the same 
hue, but decreased the saturation. He 
continued this by small steps of desatura- 
tion all the way to white. He made 20 
or 30 such steps. It is easiest and cus- 
tomary to progress from the saturated 
hue to white in regular sequence. Each 
time, he desaturated the yellow a little 
more and kept the brightness constant, 
but the thing to which we asked the ob- 
server to pay most attention was to keep 
the same hue, neither too orange nor too 
green. Therefore, each time we recorded 
a set of data the field was not matched 
completely, but was matched according 
to only two of the three attributes of color. 
It was matched in hue and matched in 
brightness, but not in saturation. 

We did similarly for the saturation loci. 
In that case we asked the observer to 
change the hue. There was another 
difference from the constant hue experi- 
ment. In that, we kept the right-hand 
side of the field at its maximum possible 
saturation throughout the whole series. 
But in the equal saturation experiment, 
the observer changed the hues of both 
halves of the field in turn. First, he 
adjusted to obtain a moderate saturation of 
yellow in the right-hand side of the field, 
then the observer adjusted the controls 
of the left side to obtain an orange equal 
to the yellow in saturation and brightness. 
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But, of course, it was a different hue. 
Then he left that side of the field alone 
and returned to the right-hand side of 
the field which he adjusted to an even 
redder orange, equal to the other half of 
the field in two attributes, saturation and 
brightness. But the third attribute, hue, 
was different. 


Dr. Lozier: Thank you, that helps a lot. 

M. W. Baldwin, Jr.: 1 have two ques- 
tions. First, were your observers ex- 
perienced or naive? 

Dr. MacAdam: They were experienced 
in the use of this apparatus. We're very 
naive in subjective judgement. If we 
say that two colors appear to be equally 
saturated, no training has contributed 
to that judgement. 

Mr. Baldwin: My second question is, 
how did you convey to them what you 
meant by the word hue? 

Dr. MacAdam: We did not attempt to 
teach the observer what hue means. 
The purpose of the experiment is to 
determine what the observer means by 
hue. As a matter of fact, we did not use 
the word hue when telling the observer 
what to do. We asked him to choose a 
yellow, for instance, that he felt sure he 
could remember, one in which neither 
red nor green was noticeable. 


Mr. Baldwin: Would you have been 
successful with this if you had called in 
a mail girl as an observer? 

Dr. MacAdam: If we had called in a 
mail boy, he might not have been suffi- 
ciently interested in color. I think a 
mail girl would have served very well. 

Anon: Are there data now available 
in respect to the direct viewing of trans- 
parencies? Could your data be applied 
to the direct viewing of color trans- 
parencies? 

Dr. MacAdam: My impression is that 
it could be applied in a general way, that 
is, one could estimate rather closely the 
extent of the effect, of which we have 
been aware for a long time, that a colored 
surround influences the apparent balance 
of a picture. I think we could now say 
how much the balance is influenced and 
how much one would have to adjust the 
balance in order to compensate for the 
effect of the surround. As for the mutual 
color adaptation effects of details within 
the picture itself, I don’t believe we have 
enough data. 

Anon: Thank you. The reason for the 
question is that there is now a Sub- 
committee of ASA charged with the 
responsibility of developing, possibly, an 
American Standard for the direct viewing 
of transparencies. 
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Visual Performance on Perceptual 


Tasks at Low Photopic Brightnesses" 


By S. D. S. SPRAGG 


Subjects, rigorously screened for visual abilities, were tested on a variety of 


visual perceptual tasks. 


A brightness range of 0.005 to 6.0 ft-L (at the sub- 


ject’s eye) was used. For each task a critical brightness level (approximately 
0.02 to 0.05 ft-L) was found, below which visual performance was impaired 
(as measured by speed and accuracy scores), and above which increases 
in brightness produced little or no improvement in visual performance. 


Implications are discussed. 


; = EXPERIMENTS described are part 
of a research project concerned with 
human visual performance as it is re- 
lated to problems of airplane cockpit and 
instrument illumination. More speci- 
fically, study has been made of the mini- 
mum brightness levels needed for the 
effective performance of visual perceptual 
tasks. Toward this end, experiments 
have been carried out on the speed and 


Presented on May 2, 1951, at the Society’s 
Convention Screen Viewing Factors Sym- 
posium, at New York, by S. D. S. Spragg, 
University of Rochester, Rochester 3, N.Y. 


*The research reported here has been 
carried out on a research contract between 
the University of Rochester and the Air 
Materiel Command, U.S. Air Forces. 
The experiments described have been re- 
ported in the following memorandum re- 
ports and technical reports issued by the 
Air Materiel Command: MCREXD-694- 
21 (October 1948); MCREXD-694-21A 
(Dec. 1948); TR 6013 (Nov. 1950); and 
TR 6040 (Nov. 1950). Research articles 
describing these studies will also be forth- 
coming in the Journal of Psychology. 
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accuracy with which subjects can read 
photographic reproductions of instru- 
ment dials as a function of the intensity 
of illumination provided. Studies have 
also been made on the adequacy of visual 
performance on such perceptual tasks as: 
judgments of magnitude of a common 
illusion, thresholds for perception of 
motion, accuracy of binocular depth 
perception, and performance on visually 
presented arithmetic tasks, all as a func- 
tion of the amount of illumination pro- 
vided. 

Young adult male subjects, rigorously 
screened so that they constituted groups 
with excellent visual abilities, served as 
subjects. They were tested on dial- 
reading tasks and other visual perceptual 
tasks. A brightness range of 0.005 to 6.0 
ft-L was used. For each task there was 
found a critical brightness level at 
approximately 0.01 to 0.1 ft-L, depend- 
ing on the task. At brightnesses below 
this level visual performance was increas- 
ingly impaired; above this level in- 
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creases in brightness produced little or 
no improvement in visual performance. 

These findings suggest that for the 
night-time operation of equipment, and 
also for the viewing of complex visual 
stimuli at low illumination levels, bright- 
ness values should not be allowed to fall 
below 0.05 to 0.1 ft-L; on the contrary, 
they should be kept safely above this 
critical level in order to insure adequate 
visual perception. 


Introduction 


Instrument dials must often be read 
rapidly and accurately under conditions 
in which it is desirable to provide no 
more than the minimum amount of 
illumination necessary for the efficient 
performance of the task. Such condi- 
tions are found, for example, in the air- 
plane cockpit during night flying. It has 
seemed desirable in the night operation of 
military aircraft and, perhaps to a some- 
what lesser extent, for commercial air- 
craft, to attain and preserve as much 
dark adaptation on the part of the pilot 
and copilot as is feasible. 


This demand has posed the persistent 
problem of the amount and nature of 
illumination which will best meet the 


requirements of the situation. Taken 
separately, the ideals are incompatible. 
On the one hand it would be desirable 
to flood the cockpit with a high level of 
white (incandescent) light. Studies 
of visual acuity, speed and ease of reading 
and performing other visual tasks, sub- 
jects’ stated preferences, etc., have fre- 
quently concluded with recommenda- 
tions for ambient illumination from 15- 
20 ft-c to 100 ft-c or even more. 

On the other hand, it would be desir- 
able to have no light or practically no 
light in the cockpit, so that pilot and 
copilot can achieve and maintain maxi- 
mum dark adaptation and thus be better 
equipped to see and recognize other air- 
craft, mountains and other aspects of 
the terrain, etc. 

A practical solution to the problem 
will obviously be a compromise between 
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these two conditions. It will involve a 
determination of the effectiveness of 
visual performance under a range of 
intensities and spectral distributions of 
illumination which will: (a) permit 
satisfactory performance of visual per- 
ceptual tasks inside the cockpit (reading 
dials, etc.); and (b) maintain a level of 
dark adaptation sufficient for the pilot 
and copilot to deal adequately with 
visual stimuli coming from outside the 
cockpit. 

As a beginning in a series of studies de- 
signed to contribute toward the solution 
of the problem, our project has under- 
taken certain experiments attempting to 
relate visual performance (as indicated 
by the speed and accuracy of reading 
dials) to the illumination provided. 

Although speed and accuracy of dial 
reading constitute primarily a complex 
perceptual task rather than a simple 
acuity function, available information on 
the relationship between acuity and 
illumination is relevant in that it may 
suggest the general nature of the function 
as well as set a lower limit to performance. 

The early study of Konig, as well as 
other more recent studies, indicated that 
acuity varies as the Jogarithm of illumina- 
tion intensity, with the implication that 
even at high illuminations an increase in 
illumination will produce some incre- 
ment of acuity. 

Other workers, however, have reported 
that visual acuity increases with illumina- 
tion increase only up to a relatively 
modest level (such as 10 or 20 ft-c) and 
that the increase in acuity is hardly 
noticeable beyond this range. 

A great many recent studies, both 
military and civilian, have concerned 
themselves with factors determining 
acuity and other characteristics of visual 
performance, as a function of illumina- 
tion level, in a variety of task situations. 
This literature has been surveyed, with 
differing emphases, by Fulton and his 
co-workers,!_ by Lawrence and Mac- 
millan,? by Smith and Kappauf,‘ and 
others. 
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There is still need, however, for a 
relating of specific visual perceptual per- 
formances, such as dial reading, to a 
systematically varied range of illumina- 
tion values. That is the aim of the 
present study. 


Procedures and Results 


Subjects were cone dark-adapted to 
the illumination level being used and 
were then required to read banks of 
photographically reproduced instrument 
dials as rapidly and as accurately as pos- 


sible. Figure 1 shows a typical bank of 
12 dials. It will be noted that the scale 
is in ten-unit steps; thus, subjects have 
to interpolate to read to the nearest unit. 
Dials were 2.8 in. in diameter. 

Two incandescent lights at about 2400 
K were used as sources. They were 
mounted in cans and the iilumination 
was controlled by means of ground-glass 
filters and accurately drilled apertures in 
interchangeable brass plates placed in 
the optical axis. A viewing distance of 
28 in. was used. 

Twenty young adult males who passed 
a rigorous visual screening were used as 
subjects. Preliminary practice on the 
task was followed by formal trials. 

On the formal trials each subject read 
10 cards of dials at each of five brightness 
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Fig. 1. A sample bank 
of dials, 2.8-in. diam, 100 
< 10 scale. 


levels. ‘Time was recorded by the experi- 
menter’s starting the timer after the sub- 
ject read the first dial and stopping it 
after he read the eleventh dial. The 
first and last dial readings in each card 
were eliminated from both the time and 
error data because of their relative unre- 
liability. Thus, the data for each subject 
consist of 100 dials read at each of five 
brightness levels. 

The levels of illumination were chosen 
as a result of exploratory experimentation 
which indicated that a rather sharp 
change in the difficulty of the dial-read- 
ing task occurs at a brightness of about 
0.02 ft-L. For this experiment, there- 
fore, two values were chosen which would 
closely bracket the suggested transition 
level, another value at slightly above 
cone threshold for the cone dark-adapted 
eye, one at 6.0 ft-L, and one at an inter- 
mediate level. The values _ selected 
were: 0.005, 0.018, 0.022, 0.296, and 
6.0 ft-L. 

Brightness measurements were made 
with a Macbeth Illuminometer used in 
the subject’s position, and directed 
against an 11 X 14 in. sheet of unexposed 
but fixed photographic paper from the 
same stock as that of the dial reproduc- 
tions. 

A counterbalanced sequence of bright- 
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Table I. Dat ienting Performance as a Function of Task Brightness 
(2.8- 





No. (and %) 

of readings in 

error in reading 
100 dials 


Brightness, 
ft-L 


in. Dials; N = 20 Subjects) 


Standard 
deviation 


Mean reading 
time per dial, 
in seconds 


Standard 
deviation 





0.005 67.3 
0.018 59.9 
0.022 30.1 
0.296 27.8 

27.8 


2. 93 
2 74 
Sant ‘an 
1 21 
1 22 





ness levels wasemployed. Subjects com- 
pleted the experiment in two sessions, 
several days apart. They were given no 
knowledge of results; that is, they were 
not told the correct readings, nor whether 
their readings were correct or wrong. 

Table I summarizes the mean error 
frequencies and the mean total times. 
Each point is based upon 100 dials read 
by each of 20 subjects, therefore, upon 
2000 readings. 

Variances for subjects and for bright- 
ness levels were significant at the 1% 
level. An analysis by the “t test’* 
showed that, both for error frequency 
and for time, all differences that crossed 
0.02 ft-L were significant at the 1% level, 
while no difference that does not cross 
this brightness value is significant at the 
1% level. In fact, only one of them 
(error frequencies at 0.005 and 0.018 
ft-L) is significant at the 5% level. 

The error-frequency data are sum- 
marized graphically in Fig. 2 (results for 
2.8-in. dials), and the data for average 
reading time, in Fig. 3 (also 2.8-in. dials). 
Inspection of these two figures shows 


* The t test is a statistic frequently used to 
evaluate the probable genuineness of an 
obtained difference between two sets of 
means. For example, a difference which 
the t test shows to be “significant at the 
1% level” is a difference which would 
have occurred by chance fluctuation only 
1 time in 100, and therefore can be re- 
garded with a high degree of confidence 
as a genuine difference (cf. the sections 
on small sample statistics in a standard 
statistics textbook). 
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that the error curve and the time curve 
are highly similar. By both measures, 
there is strong evidence that in this rather 
complex visual perceptual task there is 
marked improvement at about 0.02 ft-L 
and relatively little improvement there- 
after, at least up to 6.0 ft-L. We have 
made informal observations indicating no 
significant improvement at levels con- 
siderably higher than this. 

Because of the fact that these findings 
are based on fairly large dials with widely- 
spaced scale divisions, it was decided to 
repeat the experiment with smaller dials 
and finer scale-division spacings. Ac- 
cordingly, a second experiment was run, 
using dials which were 1.4 in. in diam- 
eter and had scale marks for every unit 
instead of every ten units, as in the above 
experiment. 

The general procedures were the same 
as in the preceding experiment. Ten 
subjects were used and (because of the 
setup demanded by another concurrent 
study) brightness levels of 0.005, 0.01, 
0.05, 0.1, and 1.0 ft-L were employed. 

The results of this experiment are 
summarized in Table II which shows the 
proportional error frequency and the 
mean time required, for the several 
brightness levels. It will be seen that 
there is a sharp improvement in perform- 
ance up to 0.1 ft-L and relatively slight 
improvement above that level. 

The results for the 1.4-in. dials are 
shown graphically in Figs. 2 and 3, in 
which are plotted the error data and the 
time data. Again it will be seen that 
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2.8" DIALS | Fig. 2. Frequency of 
errors in reading large dials 
| (2.8-in. diam, 100 x 10 
1.4" DIALS scale) and small dials (1.4-in. 
diam., 100 xX 1 scale) as a 

function of brightness. 
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Table II. Dial-Reading Performance as a Function of Task Brightness 
(1.4-in. Dials; N — 10 Subjects) 





No. of 
readings in % of readings 
error in in errorin Mean reading 
Brightness, reading 50 Standard reading 50 time per dial, Standard 
ft-L dials deviation dials in seconds deviation 


0.005  . 8.0 62.6 3.45 1.33 
0.01 20.8 ‘£ 41.6 2.79 0.66 
5 1 
1 
1 








0.05 2 11.4 .77 0.21 
0.1 a. ‘ 7.8 71 0.24 
1.0 : , 6.4 .55 0.21 











| 
| * Fig. 3. Mean time in 
\ ie anion || seconds required to read 
ra a large dials (2.8-in. diam, 100 
” X 10 scale) and small dials 
oe Ome (1.4-in. diam, 100 x 1 
scale) as a function of 
brightness. 
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performance improves markedly with 
increased brightness up to the 0.01-0.1 
brightness level, but there is little im- 
provement in performance above this 
level. 

Inspection of Figs. 2 and 3 permits a 
comparison of results for the larger, 
coarse-scaled dials and the smaller, fine- 
scaled dials. It will be seen that: (a) at 
the lowest brightness level, performance 
is about the same, approximately two- 
thirds of the readings being in error in 
each case; (b) between 0.01 and 0.1 ft-L 
there is rapid improvement in both cases, 
and relatively little improvement above 
this level; and (c) that performance 
levels off at a poorer performance value 
for the large dials, with their widely- 
spaced scale divisions and the necessity 
for making interpolations, than it does 
for the smaller, more finely-spaced dials 
where no interpolations are necessary. 

The same comparison can be made for 
time scores. Very little difference in 
results is to be noted here. If anything, 
performance is somewhat slower with 
the smaller, finely-spaced dials. 

These results seem to indicate that 
there is a critical brightness level below 
which subjects find it difficult to perform 
this dial-reading task, as shown by rela- 
tively slow responses and greater fre- 
quency of errors. Above this level, the 
task becomes suddenly much easier, re- 
sponses are quicker, and frequency and 
magnitude of errors much less. Further 
increases in brightness, however—at 
least up to 6.0 ft-L and very probably 
indefinitely—produce no further incre- 
ments of performance. It seems as 
though once a subject has been given just 
enough brightness to perform this task 
with ease, brightness is no longer a 
significant variable. 

This finding is in interesting contrast 
with Kénig’s classical curve relating 
acuity to brightness, and to the findings 
of certain recent investigators that acuity 
continues to increase even at very high 
brightness levels. Other workers, whose 
data indicate that acuity ceases to in- 


crease beyond a certain brightness level, 
have usually reported that their curves 
do not flatten out until about 5 to 10 ft-c 
of illumination. 

No real discrepancy exists between such 
findings and the present results. Our 
data were taken in a complex perceptual 
task in which adequacy of performance 
is a function not only of acuity and con- 
trast, but also of speed and accuracy in 
making the complex judgment which an 
interpolation represents. Since we are 
dealing with a task which is far more com- 
plex than a simple resolving power func- 
tion, the lack of close correspondence be- 
tween our results and the earlier acuity 
studies should not be disturbing. 

I wish to mention some further studies 
in this general area which were carried 
out by Dr. Milton L. Rock of our proj- 
ect. The problem undertaken was a 
systematic examination of the adequacy 
of performance of four rather widely- 
varied visual perceptual tasks over a 
range of low photopic brightnesses. 
The tasks chosen were: (1) magnitude 
of judgment error in a conventional 
Miiller-Lyer illusion figure; (2) abso- 
lute threshold for perception of move- 
ment of an alternately black and white 
striped field; (3) accuracy of binocular 
depth perception in a modified Howard- 
Dolman type apparatus; and (4) per- 
formance in a series of visually presented 
addition tasks (a 3-digit number followed 
by a 2-digit sum, and the subject is re- 
quired to state whether it is or is not the 
correct sum of the first three digits). 
These four tasks were chosen to repre- 
sent a rather wide range of visual per- 
ceptual tasks as far as complexity is con- 
cerned. 

Subjects, screened visually as in our 
previous experiments, were tested on 
these tasks at the following brightness 
levels: 0.005 (which is just above cone 
threshold for the cone dark-adapted eye), 
0.01, 0.05, 0.10, and 1.0-ft-L. The view- 
ing distance was 28 in. for each task. 

I am not going to describe the details 
of these four experiments, but shall 
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attempt to indicate briefly the principal 
results. 

For the Miiller-Lyer figure, mean 
errors in judgment decreased sharply as 
brightness increased from 0.005 up to 
0.05 ft-L, but there was practically no 
improvement for brightnesses higher than 
this value. 

For the experiment on absolute motion 
threshold performance improved sharply 
as brightness was increased from the 
lowest values up to 0.1 ft-L, then only 
slightly from there up to 1.0 ft-L. 

For the depth perception experiment, 
increased brightness brought a marked 
increase in accuracy of judgments from 
the lowest brightness up to 0.05 ft-L and 
little or no increase above this level. 

Finally, in the addition task, improve- 
ment in performance was marked from 
the lowest level up to 0.05 ft-L, then 
stayed at essentially the same value for 
the two highest brightness levels. 

For all four of these visual tasks, when 
performance is plotted against bright- 
ness level we find rapid improvement in 
performance as brightness is increased— 


up to a certain level and beyond this 
level, increases in brightness bring rela- 
tively slight increments of performance. 
This critical level seems to be between 
0.01 and 0.05 ft-L for the Miiller-Lyer, 
the depth perception, and the addition 
tasks, and between 0.05 and 0.1 ft-L 


for the motion threshold task. It will 
be recalled that in the dial-reading ex- 
periments this critical value was esti- 
mated to be about 0.02 ft-L in one ex- 
periment and between 0.01 and 0.05 ft-L 
in the other. 


Conclusions 


Evidence seems to be accumulating 
that for visual tasks of a_ perceptual 
nature (in contrast to simple acuity func- 
tions) there is a critical brightness level 
(probably between 0.01 and 0.1 ft-L, 
depending on the task) below which sub- 
jects find it difficult to perform the task, 
and performance is relatively poor, 
while above this value the task becomes 
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much easier, responses are faster and 
more accurate, and additional incre- 
ments of brightness make relatively little 
difference. 

From a practical standpoint, the find- 
ings from these studies indicate that in 
visual perceptual situations where maxi- 
mum performance is required with a 
minimum of brightness (in order, for 
example, to conserve dark adaptation), 
great care should be taken that the 
brightness level not be allowed to drop 
below about 0.05 to 0.1 ft-L. 

These findings have implications for 
the night operation of equipment, e.g., 
aircraft, and also for the viewing of 
complex visual stimuli at low levels of 
illumination. If the visual material to 
be perceived has a brightness safely 
above 0.05 ft-L, then the visual percep- 
tion of that material will be as rapid and 
as accurate as it would be if the bright- 
ness were at higher levels (at least up to 
6 ft-L, and possibly indefinitely). Our 
results do not, however, provide data 
bearing on the problems of: (1) fatigue 
effects of long-continued viewing under 
these conditions; or (2) individual 
preferences. Further research is needed 
to supply information here. 
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Discussion 


Ben Schlanger: Was consideration given 
to the time factor, that is, do you know 
the effect after one or two hours of viewing? 

S. D. S. Spragg: Our experimental session 
typically lasted forty to forty-five minutes 
and there was no significant change in 
performance toward the end of this period. 
Our data, however, do not contribute 
anything to what might be called fatigue 
studies. Our results have no implications 
for continuous viewing that may extend 
for several hours under these conditions, 
although there are relevant studies which 
show that visual fatigue in tasks of this 
sort is almost impossible to demonstrate. 
Dr. Brian O’Brien has shown that, and 
Carmichael and Dearborn have also 
shown it for periods up to, maybe, seven 
or eight hours. 

O. W. Richards: Your work was done 
at relatively close distances. I was wonder- 
ing if you have any information that would 
apply to farther distances where con- 
vergence and other factors wouldn’t enter. 
In other words, do you view this as entirely 
a general factor or do you think it involves 
other problems? 

Dr. Spragg: These experiments were all 
carried out at 28-in. distance which is the 
standard distance recommended for re- 
search on visual performance, or prob- 
lems, in the cockpit, as specified by the 


Visual Standards Committee of the NRC 
Vision Committee, and it is an extrapola- 
tion to generalize from our data to distant 
conditions. The details of our visual task 
were never much less than five minutes 
of angle and were all viewed at 28-in. 
distance. 

Anon: Dr. Spragg, can you tell me, 
regarding visual acuity and low brightness, 
what effects of color, primarily red, were 
shown in the study? 

Dr. Spragg: We have carried out two 
studies on dial reading under different 
qualities of illumination, using Corning 
sharp cut-off filters. I didn’t report 
them here because I wanted to restrict 
this report primarily to the brightness 
problem. I might say, very briefly, that, 
as you suspect, we’re interested in the 
red and yellow region because that region 
of the spectrum is important for main- 
tenance of dark adaptation. We found 
that if we took a good deal of care to 
make the color values equal, as deter- 
mined by heterochromatic color matching, 
so that we could say that we had red 
at 0.1 ft-L, red at 0.01 ft-L, and also 
yellow and other colors at the same value, 
that color made no difference if we stayed 
above this critical level of about 0.02 
ft-L; that is, performance was neither 
worse nor better with red, orange or 
yellow than it was with green. However, 
if we got below 0.02 ft-L, color still didn’t 
seem to make very much difference, but 
red was worse than the other colors 
viewed. Thus, if red illumination is 
used for night operations and for reading 
instruments, it would seem more than 
ever crucial to keep the red illumination 
above this 0.02 ft-L level. 
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Key Factor 


Surround Brightness: 
in Viewing Projected Pictures 


By SYLVESTER K. GUTH 


The lighting of areas where projected pictures are viewed presents a number 
of specialized problems to the lighting engineer. However, these specialized 
problems involve factors of lighting design rather than any particularly un- 
usual visual factors. Basically, projected pictures are visual tasks upon which 
the eyes and attention of the viewers are concentrated for extended periods. 
Since the viewing of projected pictures is a seeing task, two distinct objectives 
are suggested: (1) providing maximal visibility of the task; and (2) providing 
maximal visual comfort and ease of seeing. These are fundamental objec- 
tives that must be satisfied in order to obtain optimal seeing conditions in any 
visual situation. This paper is confined chiefly to the second objective and to 
those factors which determine whether the area in which projected pictures 
are viewed is visually satisfactory. The screen is introduced only insofar as 


it influences or is influenced by the environmental factors. 


‘te BRIGHTNESS characteristics of 
various portions of the visual field sur- 
rounding the central or task area are of 
overwhelming importance in providing a 
comfortable visual environment.! These 
brightnesses, and their relationships to 
the brightnesses of the task, contribute 
favorably or unfavorably to the seeing 
conditions. They may influence di- 
rectly the visibility of the visual task, or 
their effects may be more subtle and 
result in decreased ease of seeing. Obvi- 
ously, both effects may be and often are 


Presented on May 2, 1951, at the Society’s 
Convention Screen Viewing Factors Sym- 
posium, at New York, by Sylvester K. 
Guth, General Electric Co., Nela Park, 
Cleveland 12, Ohio. 
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produced simultaneously, especially 
when prolonged seeing is involved. 

The difficulty of obtaining adequate 
auditorium brightnesses in theaters has 
often resulted in minimizing the impor- 
tance of the surround brightnesses for 
ability to see and comfort of viewing. 
The lack of reports of discomfort has 
been used as one of the principal argu- 
ments for considering that there is 
nothing wrong with the existing viewing 
conditions. Such lack of complaints 
should merely be taken as the audience 
acceptance of what it is used to, just as it 
has done in many other fields. Since 
the motion picture is a visual task, the 
consideration of light and lighting can 
and should include the same factors that 
apply to other visual situations. 
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270° 


Fig. 1. A diagrammatic representation of the monocular and binocular visual fields. 
The portions occupied by a motion picture screen when viewed at three distances, corre- 
sponding to the screen width W, 3W and 5W, are illustrated by rectangles A, B and C, 


respectively. Shaded areas (right and left) represent portions of the visual field seen only 


by the right and left eyes, respectively. 
visual field seen by both eyes. 


Basic Considerations 

In order to understand the importance 
of the surrounding conditions in the 
central field, it may be well to consider 
briefly the relative magnitudes of the 
two areas. The angular extent of the 
entire binocular visual field varies with 
the individual physiognomy and aver- 
ages about 200° horizontally and 130° 
vertically, and is approximately elliptical 
in shape. The limits of various portions 
of the visual field are illustrated in Fig. 1. 
The unshaded area indicates the portion 
of the visual field in which objects can be 
seen by both eyes. The two shaded 
areas on the right and left represent 
those portions of the visual field that can 
be seen only by the right and left eyes, 
respectively. 


Unshaded area represents that portion of the 


The Task Area. A visual task usually 
occupies a limited region in the central 
portion of the visual field and its appar- 
ent or visual size is a function of the dis- 
tance from which it is viewed. A motion 
picture screen, for example, appears 
large or small depending upon whether 
it is viewed from the front or rear of a 
theater. The three rectangles super- 
imposed upon the visual field, illustrated 
in Fig. 1, represent a motion picture 
screen viewed from three different posi- 
tions in an auditorium. In order to be 
applied generally to any size screen, the 
viewing distance is expressed in terms of 
the screen width, W. Thus, a screen 
viewed at a distance corresponding to 
the screen width, W, is represented by 
rectangle A, the angular extent of which 
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Table I. The Visual Size and Area of a Screen When Viewed at Various Distances 





Viewing 

distance 

in screen 
widths 


Angular subtense 
of screen degrees 
Width 


Ww 53.1 41 
‘ 28.1 21 
18 14.: 
14 10. 
11 8. 
9 > 
8 6 
7 5 


|i NnNwsaw 


is about 53° horizontally and 41° 
vertically. If the screen is viewed from 
the rear part of an auditorium, or a dis- 
tance of 5W, it occupies a much smaller 
portion of the visual field and may be 
represented by rectangle C. When 
viewed at this distance, it extends 
approximately 11° horizontally and 8° 
vertically. The intermediate rectangle 
B corresponds to a viewing distance of 
about 3 times the screen width. It 
should be noted that in some theaters a 
screen may appear even smaller than the 
one indicated by C. 

It is seen that even when the screen is 
viewed from a short distance, it occupies 
a relatively small portion of the binocular 
visual field. The importance of the 
peripheral regions can be emphasized by 
considering the relative areas involved. 
A convenient and expressive unit of 
apparent area is in terms of the solid 
angle, Q, in steradians,* subtended by a 
surface which combines the actual pro- 
jected area with the distance from the eye 
to the center of the surface. Thus, the 
relative extent of a surface can be ex- 
pressed as a percentage of the total solid 
angle subtended by the entire binocular 
visual field which is approximately 5 
steradians. The solid angle subtended 


* The solid angle, Q, in steradians is equal 
to the projected area of a surface divided 
by the square of the distance from the sur- 
face to the eye; i.e.,Q = = 


D*® 
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Height 


Solid angle 
subtended 
by screen 

steradians 


Be 
19 
083 
047 
030 
021 
015 

.012 


Per cent of 
visual field 





by a motion picture screen is dependent 
upon its actual size and the distance 
from which it is viewed, and both of these 
may vary over a considerable range. 
However, when the viewing distance is 
expressed in terms of the screen width, 
W, it is possible to illustrate the ranges of 
apparent sizes of screens as in Table I. 
It is seen that as the viewing distance in- 
creases, the angular extent of the screen 
diminishes rapidly between W and 2W, 
and progressively more slowly for dis- 
tances greater than 2. A _ more 
significant comparison is the solid angle 
in steradians subtended by the screen 
and the per cent of the visual field occu- 
pied at various viewing distances. Ex- 
cept for those who sit very close to the 
front of the theater, the screen occupies 
less than about 4% of the visual field, 
and for the average viewer less than 1%. 
Thus, it is obvious that the magnitude of 
the peripheral region of the visual field 
makes it extremely important to the 
viewer of projected pictures. Conse- 
quently, this area cannot be neglected 
when designing the lighting for comfort- 
able seeing conditions. 

When it is considered that the viewing 
of projected pictures involves a dynamic 
rather than a static visual situation, the 
area immediately surrounding the screen 
becomes even more important. In 
order to see all of the picture details, the 
eye may rove over the entire screen, the 
angular movement depending upon the 
viewing distance. Thus, at times, the 
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line of vision may be directed toward the 
edge of the screen and then the screen 
surround is close to the line of vision. 
For the longer viewing distances, a rela- 
tively small angular movement of the 
eyes will bring the screen surround into 
nearly direct view. Therefore, unless 
the surround brightness has been prop- 
erly adjusted, the viewer is faced with a 
considerable variation in adaptation 
brightness which can do nothing but de- 
tract from his pleasure and comfort by 
providing an undesirable visual environ- 
ment, 

When designing lighting, it is neces- 
sary to consider the various character- 
istics and requirements of the visual task. 
While the viewing of projected pictures 
usually involves prolonged periods, the 
task involves some factors that are differ- 
ent from those pertaining to other tasks 
such as reading. Much of the informa- 
tion or the story is obtained by words and 
the gestures, facial expressions and ac- 
tions of the performers. Therefore, 


visual acuity is less important than. the 
discrimination of a wide range of bright- 


ness contrasts. The viewer is not con- 
fronted with the problem of resolving 
small details near the threshold in size. 
However, while discrimination of the 
characteristics of the visual task may not 
be critical, the eyes and attention are 
focused steadily with but brief respites. 

Adaptation Brightnesses. In any specific 
situation, the desirable surround bright- 
ness is dependent upon the brightness 
level to which the eyes are adapted. 
Therefore, it is necessary to determine 
the relationship between the picture 
brightness and the surround brightness. 
However, the former varies over a con- 
siderable range, depending upon projec- 
tion-equipment, theater and screen sizes, 
film characteristics, etc. It may range 
from a very low level for the opaque 
projectors used in educational work to 
the high levels obtained with slide pro- 
jectors. Nevertheless, it is possible to 
develop a concept in terms relative to 
the screen brightness obtained with the 
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projector running without film. Fur- 
thermore, since a motion picture, or any 
sequence of projected still pictures, pre- 
sents a continuously variable brightness 
pattern, it is difficult to arrive at any 
specific brightness that can be consid- 
ered representative of ail conditions. 
One method is to record the variation in 
integrated or average-picture brightness 
for a typical film and to determine the 
mean brightness over an _ extended 
period of time. However, the range of 
average brightnesses, especially the mini- 
mum values, are of importance. 

A typical record for a black-and-white 
film is shown in Fig. 2. The film used 
included photographs of almost com- 
pletely white areas to extremely dark 
night scenes and can be considered to be 
representative. In order to make the 
record of Fig. 2 more universal in its 
application, the ordinate is shown as per 
cent of clear-screen brightness. Thus, 
it is a simple matter to convert the rela- 
tive values to actual brightnesses. For 
example, in terms of the clear-screen 
brightness, the maximum average bright- 
ness recorded for the lightest scene was 
about 25%; the minimum brightness 
was 1.0%; and the mean value for the 
entire film was about 10%. Therefore, 
when the clear-screen brightness is 15 ft- 
L, the picture brightnesses are approx- 
imately 3.8 maximum and 0.15 minimum 
with a mean of 1.5 ft-L. It is interesting 
to note that these values compare favor- 
ably with those obtained by Logan.? 

A similar record taken with an indus- 
trial color film gave a mean brightness of 
about 5% of the clear-screen brightness 
with maximum and minimum values of 
16% and 1%, respectively. For a clear- 
screen brightness of 15 ft-L, these 
brightnesses are a mean value of 0.75, a 
maximum of 2.4, and a minimum of 0.15 
ft-L. Obviously, there will be quite a 
wide variation among films. However, 
these brightnesses appear to be within 
the range of what is obtained in repre- 
sentative theaters. 
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Fig. 2. A record illustrating the variation in integrated or average bright- 
ness of a typical motion picture in terms of the clear-screen brightness. 
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Fig. 3. The experimental arrangement used for determining the desired 
border and surround brightness when viewing projected pictures. 


Experimental Arrangement 

In order to isolate and to control inde- 
pendently the brightnesses of the various 
areas in the visual field, the experimental 
arrangement illustrated in Fig. 3 was 
adopted. This is a modified scale model 
of a theater in which 1 in. equals 1 ft. 
The screen was 20 in. wide, thus corre- 
sponding to a 20-ft screen. The observ- 
ers were located at a distance of six 
times the screen width from the plane of 
the screen, or a distance of 120 in. 
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Immediately surrounding the screen was 
a transilluminated diffusing glass, the 
brightness of which could be adjusted by 
the observers. This area corresponds 
generally to the area on a stage surround- 
ing a motion picture screen and is 
termed the screen border. Between the 
observer and the screen was a panel, the 
brightness of which could be inde- 
pendently controlled. The observer 
viewed the projector screen through a 
rectangular aperture in the panel. This 
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aperture was of such a size that the trans- 
illuminated screen surround could be 
seen by the observer. This arrangement 
enabled control of the two surround 
_brightnesses without permitting any 
stray light to reach the screen. While 
this experimental arrangement does not 
duplicate exactly the visual situation of a 
theater, it is considered to be sufficiently 
typical for the present purposes. 

In the present investigation, which 
was intended only to be exploratory, 
clear-screen brightnesses ranging from 
1.1 to 60 ft-L were used. These include 
brightnesses that are obtainable with 
various types of projection equipment 
such as highly efficient projectors used at 
a relatively short projection distance, 
opaque projectors, slide-film projectors, 
etc. The brightnesses were obtained 
with a standard 16-mm projector in 
which were used lamps of 200, 300 and 
750 w for screen brightnesses of 11, 25 
and 60 ft-L, respectively. By means of 
a neutral-density filter, these bright- 
nesses could be reduced to one-tenth of 
these values for a lower range of 1.1, 2.5 
and 6 ft-L. These clear-screen bright- 
nesses corresponded to mean picture 
brightnesses ranging from 0.1 to 6 ft-L. 

The observers viewed the motion pic- 
ture and, for each value of clear-screen 
brightness, adjusted the brightness of the 
border until they deemed it most desir- 
able for viewing the projected picture. 
Their judgment was based upon viewing 
comfort and upon the appearance of the 
projected pictures. A group of five 
observers made a series of five observa- 
tions on each of two sittings for the vari- 
ous screen brightnesses. Each observer 
was permitted as long a period to make 
each observation as he felt necessary. 
Each series of observations included 
representative portions of the motion 
picture. 


Experimental Results 

Influence of Screen Brightness. ‘The av- 
erage brightnesses of the border selected 
by the observers are plotted in Fig. 4 for 
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clear-screen brightness ranging from 1.1 
to 60 ft-L. The observed data for view- 
ing motion pictures are represented by 
the open circles. These points can be 
represented by a straight line, indicating 
a linear relationship between the loga- 
rithms of the clear-screen brightness and 
the selected border brightness. Since 
the average-picture brightness is approx- 
imately one-tenth of the clear-screen 
brightness, the scale at the top of Fig. 4 
illustrates the average-projected-picture 
brightnesses for corresponding clear- 
screen brightnesses. The picture bright- 
ness is a more representative value, since 
it can be considered as the brightness to 
which the eyes are adapted. 

A similar investigation was conducted 
with a typical black-and-white slide 
film. The solid dots indicate the av- 
erage border brightnesses selected by 
two of the observers for four screen 
brightnesses, ranging from 1 to 20 ft-L. 
These values check very well with those 
obtained with motion pictures. In 
other words, the fact that the observer is 
viewing a still or motion picture does not 
seem to influence his decision regarding 
the most suitable border brightness. 
Similar results were obtained with a 
color film. 

It was found that the surrounding 
screen brightness had no significant 
effect upon the selection of the border 
brightness, provided that it was equal 
to or less than the latter. None of the 
observers desired a zero surround bright- 
ness. The general preference was about 
one-half the border brightness. All who 
viewed the projected pictures in the ex- 
perimental situation were unanimous in 
indicating that the border brightness 
was of greatest importance. Therefore, 
the following discussion is based pri- 
marily upon the border brightnesses 
selected by the observers for the various 
screen brightnesses. 

The desirable border brightness is not 
a simple function of the clear-screen or 
average-picture brightness, but is ex- 
ponential, and may be represented by: 
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Fig. 4. The relationship between desired border brightness for various clear-screen 


and average-picture brightnesses. 


The open circles and solid dots represent observed 


values obtained with a motion picture and slide film, respectively. 


B = 0.16 S*-% (1) 
B = 0.46 Pe.% (2) 


where B, S and P are the border, clear- 
screen and mean-picture brightnesses, 
respectively. A simple approximation 
is that the border brightness is equal 
to the square root of the screen (or pic- 
ture) brightness multiplied by a con- 
stant. In terms of average-picture 
brightness, the desired border brightness 
is indicated to be about one-half of the 
square root of the picture brightness. 

It may be of interest to compare the 
above equations with one developed from 
data obtained in an earlier investigation 
of comfortable brightness relationships in 
interior lighting.* The relationship be- 
tween the brightness, B, of a light source 
and the brightness, F, of the adapting 
field was found to be: 


B = 302 Fv.44 (3) 


In the three equations, the brightness of 
a light source or luminous area outside of 
the region of a visual task is expressed as 
a function of the brightness to which the 
eyes are adapted. The coefficient is 
dependent upon the criterion, the visual 
sensation being studied and other experi- 


mental factors. However, the similarity 
between the exponents is particularly 
significant and illustrates a common 
basis for the two investigations. Since 
most visual functions follow well-estab- 
lished laws and patterns, it should be ex- 
pected that similar relationships would 
be obtained. 

The ratio between the border and pic- 
ture brightnesses is a variable one. For 
example, when the picture brightness is 
0.2 ft-L (corresponding to a clear-screen 
brightness of 2 ft-L), the indicated border 
brightness is 0.22 ft-L. This is approxi- 
mately equal to the average-picture 
brightness. However, when the picture 
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brightness is 2 ft-L, the desired border 
brightness is 0.63 ft-L or about one- 
third of the average-picture brightness. 
In other words, relatively lower border 
brightnesses are desired for higher pic- 
ture brightnesses than for the lower pic- 
ture brightnesses. This is understand- 
able, since an important factor is the 
total luminous flux directed toward the 
eye by the area surrounding the screen. 
Furthermore, the eyes become progres- 
sively more sensitive to brightness differ- 
ences as the adaptation brightness is 
increased. Therefore, relatively lower 
border brightnesses will be selected for 
the higher picture brightnesses. Never- 
theless, these indicated desirable border 
brightnesses are considerably higher than 
those indicated by other investigators.?:4 

It is emphasized that the technique 
used in this investigation eliminated the 
factor of stray light upon the screen. 
These relatively high border and sur- 
round brightnesses may be impractical in 
existing theaters. Nevertheless, these 
results do indicate that under ideal 
conditions, higher brightnesses are de- 
sirable. They should be obtainable in a 
properly designed auditorium. 

Stray Light. In the usual auditorium, a 
limiting factor which governs the per- 
missible surround brightness is_ the 
amount of stray light reflected upon the 
screen. Therefore, a brief investigation 
was made to determine the amount of 
stray light which would produce a just 
barely perceptible effect upon the pic- 
ture quality. A small source of light, 
mounted on the rear of the surround 
screen, was variable and controlled by 
the subject. This source provided a 
variable amount of stray light upon the 
picture screen. The observer viewed 
the projected picture, simultaneously 
varying the amount of stray light until he 
deemed it to be a maximum without 
affecting the quality of the picture. 
This was investigated with two picture 
brightnesses. When the picture bright- 
ness was 0.50 ft-L (clear-screen bright- 
ness equal to 5 ft-L), it was found that a 
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stray-light brightness of about 0.07 ft-L 
produced no effect upon the picture. 
For a picture brightness of 3 ft-L (30- 
ft-L clear-screen brightness) the stray 
light could be increased to 0.15 ft-L. 

Referring to Fig. 4, it is seen that the 
border brightness for a picture brightness 
of 0.50 ft-L is 0.33. Thus, the stray- 
light brightness is about one-fifth of the 
border brightness. A similar ratio was 
found for the picture brightness of 3 ft-L, 
where the desired border brightness was 
0.76 ft-L and the permissible stray light 
was 0.15 ft-L. 

Color Film. A similar brief investigation 
was made with a color film. While the 
one used may not be exactly representa- 
tive of the usual production films, it 
does make possible a qualitative appraisal 
of desired border and stray-light bright- 
nesses. The average-picture brightness 
was found to be about 5% of the clear- 
screen brightness, which is half of the 
average-picture brightness of the black- 
and-white film. This is lower than that 
found by Logan,? whose measurements 
indicated a higher average-picture 
brightness for color film than for black- 
and-white film. The results obtained 
with two observers indicated that the 
border brightness desired when viewing 
the color film corresponded to that 
obtained for the black-and-white film. 
In other words, it appears that the border 
brightness is a function of the average- 
picture brightness and that viewing color 
pictures has no measurable effect upon 
the desired brightness. 

On the other hand, it was found that 
stray light upon the screen was more 
effective for color film than for black- 
and-white film. For equal picture 
brightnesses, the maximum tolerable 
stray light for viewing color film was 
about one-half that found to be tolerable 
for black-and-white film. These results 
are logical and to be expected. The 
shading and blending of colors and their 
contrasts are important factors in the 
appearances of projected color pictures. 
On the other hand, a black-and-white 
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picture involves a range of neutral 
values which are merely shifted slightly 
to lighter tones by the stray light. For 
example, in the latter case, for an 
average-picture brightness of 1 ft-L, it is 
assumed that the white and _ black 
brightnesses are 5 and 0.05 ft-L, re- 
spectively. The tolerable stray light for 
this condition would be about 0.10 
ft-L (one-tenth of the average picture 
brightness). Calculated values of con- 
trast between the black and white areas 
without and with stray light are 99% 
and 97%, respectively. Similar calcu- 
lations for other picture areas yield 
correspondingly small changes in con- 
trast. In other words, the stray light 
selected as maximal tolerable produces 
too small a change in contrast to be sig- 
nificantly visually effective. Calcula- 
tions for color pictures would be con- 
siderably more complex since they 
would have to involve a consideration of 
color change as well as a change in 
brightness. The former probably is the 
reason for a lower tolerance of stray 


light when viewing color pictures. 


Conclusions 

The relationships between average- 
picture brightness, border and surround 
brightnesses, and the stray light make it 
possible to predict or to predetermine 
the conditions that are expected to be 
most satisfactory in any theater. A 
simple rule would be to raise the border 
and surround brightness to the value 
that will not produce an excessive level 
of stray light upon the screen. Of 
course, the brightness of the border 
should not exceed that found desirable 
for the available average-picture bright- 
ness. For example, for a typical theater, 
if the clear-screen brightness is 10 ft-L 
and the average-picture brightness is 
1 ft-L, the border brightness should 
be about 0.45 ft-L, but the stray light 
should not produce a brightness greater 
than 0.09 ft-L. 

The values of border and surround 
brightnesses indicated by this investiga- 


222 


tion are somewhat higher than those pub- 
lished by others. Logan, for example, 
has suggested a surround brightness of 
0.10 ft-L for an average-picture bright- 
ness of 1 ft-L.2. This is about one-fifth 
of the value determined in the present 
investigation. Others have reported sur- 
round brightnesses of the order of 0.05 
ft-L to be desirable.4 A review of the 
limited literature on the subject indicates 
that most of the values have been based 
upon empirical attempts to apply data 
obtained with experimental and en- 
vironmental conditions that are not 
directly applicable to the viewing of 
projected pictures. Nevertheless, there 
is the common conclusion that some 
brightness is required in motion picture 
theater auditoriums. 

Another important aspect of bright- 
ness in viewing areas is the sources which 
produce the low brightnesses on the 
border, walls, ceiling and floors. At the 
low visual adaptation levels these sources 
and any other areas of relatively. high 
brightness must be kept to a minimum in 
order for them not to be distracting or 
even uncomfortable. A method has 
been developed for determining the 
tolerable brightnesses of sources, such as 
aisle lights, bright areas of walls, fixtures, 
etc. In essence, they must be reduced in 
brightness and area so that their visi- 
bility does not compete with the visi- 
bility of the projected picture. The per- 
missible brightnesses of such areas is a 
function of the size of the source or 
bright wall area, its position in the visual 
field and the average-picture brightness. 
This method has been described in detail 
elsewhere.*5 While it was not de- 
veloped for the projected picture prob- 
lem, the general principles involved 
should be applicable to any visual en- 
vironment. 

There are other factors which may 
have an important influence upon the 
final accepted or desirable surround 
brightnesses. These include, especially, 
the psychological factors which govern 
the mood of, and impressions gained by 
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the viewers. In other words, the actual 
brightness level used should enhance the 
illusions being created by the motion 
picture. Theoretically, at least, the 
viewer is asked to place himself in the 
actual situation being created on the 
screen, be it the hot sunlit desert or 
the dark mysterious passageways of a 
haunted house. Environmental bright- 
nesses must enhance and not destroy 
these effects. Thus, there are many 
aspects to the problem of providing the 
surround brightnesses for viewing the 
projected pictures. Ultimately, all of 
them must be investigated before their 
individual importances in any situation 
can be evaluated. Perhaps a_ semi- 
variable control system will be necessary. 
Whatever is required should be deter- 
mined by carefully conducted investiga- 
tions rather than empiricisms or opinions. 

It is emphasized that the investiga- 
tions and results presented in this paper 
are exploratory. A primary purpose 
was to develop a technique that would 
enable observers to make considered 


appraisals of the environmental bright- 


nesses in an experimental situation that 
approximated actual viewing condi- 
tions. Since the observers used in these 
studies have been used in a number of 
earlier investigations, and were selected 
as being representative, it is believed that 
the brightnesses selected by them are 
indicatory of the levels that are desirable. 
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Discussion 


O. W. Richards: 1 was wondering if 
you’d care to make any comment on how 
the color temperature of your surround 
lighting should compare with the border 
lighting? 

S. K. Guth: In this investigation we 
were not particularly concerned with the 
spectral quality of the border lighting. 
However, we did use filters over the lamps 
used for the border brightness and used 
special combinations of fluorescent lamps 
for the surround brightness so that the 
color would be as unobtrusive and neutral 
as possible. Both could be considered 
so-called white and differences were in- 
conspicuous. Any significant difference 
between, for example, the relatively lower 
color temperature of filament lamps 
(3000 K) and the relatively higher color 
temperature of daylight (6000 K) would 
have to be investigated. I would think 
that for a typical black-and-white film 
the color of light for the border and sur- 
round is not nearly as important as it 
obviously would be for color film. It may 
be a function of the actual brightness to 
which the surround should be adjusted 
for optimal viewing conditions. It is 
possible that one color temperature will be 
desired for higher screen brightnesses, 
and another one for lower screen bright- 
nesses. 

Anon: I recall from several years ago 
that the Windermere Theater, on the 
Cleveland East Side, was a theater where 
auditorium illumination was on the high 
side compared with most theaters. Pos- 
sibly you people have done some experi- 
mental work there. I was wondering if 
there were any theaters that you could 
point out or that you had in mind that 
do use a border brightness of somewhere 
around the figure that you quoted, that 
is, where, for example, with 10 ft-L from 
the screen you had a border brightness 
of about 0.5 ft-L? 

Mr. Guth: I am not familiar with any 
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such theaters. Since I started thinking 
about this problem I have been very 
conscious of the border brightnesses and 
the surround brightnesses, but I haven’t 
come across any that I would judge were 
quite that high. I have seen some of 
the theaters in Cleveland that seemed to 
have a somewhat higher border brightness 
than others, but I made no measurements, 

Anon: I was thinking that it might be 
very interesting to actually see something 
like that, and if you could convince some 
neighborhood theater in Cleveland, they 
would experiment a little bit and I am 
sure there would be enough people in 
Cleveland glad to work with you on that. 

Mr. Guth: It would be interesting to 
make such experiments. Ultimately, only 
full-scale investigations can give us the 
final answer regarding the desirable 
surround and border brightness. 

Ben Schlanger: We have designed several 
theaters in which we have relatively high 
levels of illumination around the screen, 
by the synchronous method. Mr. Logan 
has had the opportunity to see one of 
them and I believe he refers to this example 
in his paper. 

W. W. Lozier: I have two questions, 
Mr. Guth. One, your observations were 
all made at a point corresponding to the 
back of the average theater. I wonder 
how they might be changed for a person 
sitting up in the middle of the auditorium 
area or toward the front? 

Mr. Guth: I don’t have any actual data 
on that particular phase of it, though 
several observers did sit at various distances 
from the screen for a few observations. 
We found that with shorter observation 
distances the surround brightness became 
less important. However, the _ border 
brightness still remained important because 
of its proximity to the picture area. This 
brief test indicated that the border bright- 
ness was about the same, regardless of 
the observation distance. However, this 
should be confirmed by observation 
distances. 

Dr. Lozier: Another question—you relate 
this border brightness that the observer 
shows to the average-picture brightness. 
Do you have any information on what 
their preference was on picture brightness? 
Was any preference expressed on that? 

Mr. Guth: This is, of course, another 
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aspect of the problem. With the available 
conditions, we obtained clear-screen bright- 
nesses up to 60 ft-L, or an average-picture 
brightness of 6 ft-L. The preferred clear- 
screen brightness was discussed by the 
five observers and by others who viewed 
the test conditions, but did not participate 
in the test. They all preferred the higher 
screen brightnesses—something closer to 
25 ft-L. I personally liked the 60 f-tL 
clear-screen brightness. 

Dr. Lozier: In a theater with borders and 
surrounds covering as great a solid angle 
as you used, and with the high brightness 
you used, would there not be reflected in 
the audience area considerable light which 
would allow distraction? 

Mr. Guth: The stray light from very 
high surround and border brightness 
may provide objectionable brightnesses in 
the audience area. This illustrates some 
of the practical problem; that must be 
solved by studies in actual theaters. 

O. E. Miller: V'd like to ask Mr. Guth 
if, in his experiments, he noticed any 
tendency to change the type of illusion 
that was created from the type that you 
get with no illuminated border around the 
screen? The reason I ask this is because 
I was involved in a few experiments some 
years ago with illuminated borders and 
have done some work in print illumination 
and transparency illumination, which 
seem to show that with an illuminated 
border the mode of appearance of the 
picture actually changes from that of a 
real scene to make it appear as if you 
were looking at a print. In other words, 
the actual mode of appearance changes. 

Mr. Guth: That is correct if the border 
brightness is too high. The appearance 
of the picture and the created illusion 
were among the criteria used by the 
observers. They felt that if the border 
brightness was too high it affected the 
appearance of the picture. Even though 
there was no stray light upon the projected 
picture, the high border brightness did 
destroy the intended illusion. If they 
held the border brightness below a certain 
point, it had no noticeable effect. Of 
course, when one goes from a complete 
blackout to some brightness, an immediate 
change is obtained. However, over quite 
a range of brightnesses, there didn’t seem 
to be too much effect upon the picture. 
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Photometric Factors in the Design 
of Motion Picture Auditoriums 


By HENRY L. LOGAN 


The photometric factors in designing the visual environment in a motion pic- 
ture theater to promote the comfort, enjoyment and safety of the audience are 
discussed. The dependency relationship of screen surround and house 
brightnesses to screen brightnesses is explained. Optimum relationships are 


given and suggestions made for the practical execution of the rec 
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including the locations of lighting units and the shaping of the auditorium 


walls and ceilings. 


‘De PHOTOMETRIC factors of impor- 
tance in the motion picture theater are 
the screen brightnesses with film running 
and their relationships with all the other 
brightnesses in the field of view that are 
necessary to promote the visual comfort, 
enjoyment and safety of the audience; 
and the brightness relationships without 
film running and full house lighting. 

As all the difficulties arise with the 
former and not with the latter, this paper 
will be confined to the situation that 
exists with film running. 

It will be found that a brightness dis- 
tribution that accomplishes the goals 
just mentioned requires special handling 
of the screen and its adjacent surround, 
some modifications in the shape of audi- 
toriums, predetermination of the per- 
centage of light reflected from each part 
of the auditorium interior (and hence, 
determination of finishes) and precise 
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control of the light emitted from the 
lighting equipment. 

Up till now, the writer has had the 
impression that most motion picture 
theaters have been designed for their 
effect on the observer with full house 
lights on rather than for their effect 
when film is running. 

With film running, motion picture 
screens average from 1 to 3 ft-L bright- 
ness. If we set the brightness relation- 
ships to meet the upper figure, we reduce 
the sensitivity of the eye to the darker 
portions of the film, even if we so light the 
theater that no house light can get back 
to the screen to reduce its contrasts. 
With auditoriums as they now exist, an 
overlay of diffused light on the screen is 
inevitable, which is one reason why 
house lighting is so little used when film 
is running. 

Actually we are driven to take the 
least brightness that occurs on a black- 
and-white film as our starting point. 
This is about 0.04 ft-L and is the same 
brightness that Spragg has shown to be 
the minimum for satisfactory visual 
performance and safety. 
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Fig. 1. Field of view of a patron seated in the vena observer’s position, 
showing how the surround brightness 30° above the line of sight can be as much 
as six times the screen brightness by virtue of the position index relations. 


Brightnesses located off the axis of 
vision have a lower-discomfort effect 
than similar on-the-axis brightnesses, as 
shown by the position-index data of 
Luckiesh and Guth,! and Harrison.' 
Thus, the brightness of the surround 
adjacent to the screen can be greater 
than 0.04 ft-L without impairing the 
keenness of vision directed at the screen, 
and without introducing distraction. 

For example, at a point 30° above the 
center of the screen the position index is 
3, and if the line of sight is directed at 
the center of the screen, which has a 
night-scene running of 0.04 ft-L, the 
point 30° above the screen can have a 
brightness of 3 X 0.04 ft-L, or 0.12 ft-L, 
in order to produce a response equal to 
that caused by 0.04 ft-L screen bright- 
ness, provided the areas occupied are 
about equal (see Fig. 1). 

The latest work of Guth (see the pre- 
ceding paper in this JouRNAL) shows 
that acceptable off-axis brightnesses can 
be twice as great when the observer is 
engaged in purposeful seeing, than when 
he is looking at random. As there is no 
doubt that an observer looking at run- 
ning film has his attention deeply en- 
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gaged, the surround brightness at this 
point, 30° above the axis, can safely be 
2 X 0.12, or about 0.25 ft-L. This 
should permit both keen vision and a 
high degree of visual comfort under the 
condition of minimum screen brightness 
common today. 

Thus, the brightness of the screen 
surround can begin with 0.04 ft-L at the 
screen edge and increase gradually, in 
accord with the position indices for 
critical seeing, as we proceed away from 
the screen along walls and ceiling. 

The areas occupied by the bright- 
nesses are important and in practice the 
position indices, when used to guide per- 
missible surround brightness, must be 
changed by a factor to compensate for 
differences in area of screen and the 
strips of surround brightness. 

This is quite consistent with the writ- 
er’s earlier findings,? which gave a level 
of 0.1 ft-L as the permissible maximum 
brightness within 30° of the observers’ 
line of sight. 

Earlier in this discussion it was stated 
that we are driven to take the least 
brightness, that occurs long enough to 
measure on a black-and-white sequence, 
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as our starting point. This is because 
the next logical criterion would be the 
overall average brightness of the darkest 
running film, or 1 ft-L, and it would 
lead us into detrimental surround bright- 
nesses. 

Theoretically it would permit a screen 
surround brightness of 6 ft-L (3 X 1 X 2) 
at the previously mentioned 30° point. 
Against that we have the definite finding 
of Jones® that a brightness of 3 ft-L is the 
highest that can be tolerated toward the 
front of an auditorium. 

Recent research* shows that visual 
comfort for 100% of the audience is about 
3 of tolerance (meaning by tolerance, the 
comfort-discomfort threshold). There- 
fore, the maximum comfortable screen 
surround brightness would be 1 ft-L or 
only } of the figure we arrive at by using 
the overall average brightness of the 
darkest running film. It is safest, there- 


fore, to stick to the criterion previously 
discussed, namely, the lowest brightness 
that occurs long enough to measure in a 
black-and-white sequence. 

Coming to the rest of the auditorium, 
recent work by Guth,’ Petherbridge and 


Hopkinson* (and its development by the 
writer) shows that higher brightnesses are 
desirable in other parts of the auditorium 
than was previously thought. 

Before proceeding to a discussion of 
these brightnesses, it might be well to 
point out that acceptable screen sur- 
round brightnesses can be secured by 
utilizing the reflected light from the 
screen, in the fashion developed by 
Schlanger. The method consists of 
framing the screen in a recess of sloping 
reveals that are bathed in light from the 
screen. These reveals start at the edges 
of the screen, from which the black 
frame margin is absent, and slope out- 
ward toward the remainder of the audi- 
torium. Schlanger has carried this idea 
even farther, and has sloped all his audi- 
torium surfaces so they favorably receive 
light from the screen and reflect it into 
the house. This has the effect of main- 
taining the adaptation level of the eyes 
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SCREEN 





SCHLANGER METHOD 
Fig. 2. Plan view of the proscenium 
and auditorium showing the relation 
between reveals and screen recom- 
mended by Schlanger. 


SCREEN 
Fig. 3. Plan view of proposed reveal 
lighting arrangement, with light sources 
behind screen. 


fairly close to that established by the 
screen, so that it is possible for a member 
of the audience to look all around such an 
auditorium, with the film running, and 
see comfortably well. Of course, high 
light-reflection factors are necessary, 
which restricts the range of decoration 
that can be used and gives the interior a 
somewhat severe aspect when house 
lights are on and film not running. 
Nevertheless, these interiors do give one 
the feeling that one is in an auditorium 
successfully designed for the showing of 
motion pictures to full advantage, and 
they impart a feeling of security to the 
observer that is lacking in most motion 
picture theaters. 

The screen surround can also be 
properly lighted if the screen is set for- 
ward of similar reveals. The reveals, 
then, are lighted independently from 
sources behind the screen, either synchro- 
nously, varying along with screen bright- 
ness, or at a fixed level. For the fixed 
case, the reveals remain at the same 
brightness, independent of the fluctu- 
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SIZES OF SERRATIONS 
CAN VARY TO SUIT 
DESIGNERS DESIRES 


Fig. 4. Plan view of proposed 
system of serrations to prevent 
light reflection on to screen. 


ations of screen brightness, and so must 
be keyed to darkest screen conditions, as 
explained. However, to prevent an 
overlay of light from the reveals onto the 
screen, the screen should be level with 
the front edges of the reveals, instead of, 
as in Schlanger’s use of reveals, level 
with their back edges. 


Returning to the subject of bright- 
nesses in other parts of the auditorium, 
the sides of the auditorium at the pro- 
scenium end can start with a brightness of 

0.25 ft-L, or, if the position indices do not 
| permit, a lower value increasing to 0.25 


ft-L which should be continued for 
about two-thirds the length of the audi- 
torium. The walls of the back one- 
third can safely have a brightness of 0.5 
ft-L. 

The ceiling brightness should follow 
in the same way; 0.25 ft-L from the 
proscenium arch back for two-thirds of 
the ceiling, rising to 0.50 ft-L at the rear. 

Brightness on the floor should be con- 
fined to the traffic aisles and the cross- 
overs. Where aisle lights can be prop- 
erly located and shielded from the eyes 
of the patrons, they provide a satisfactory 
solution. Another solution is down- 
lights located and designed so as to light 
the aisles and crossovers only, and not 
spill light onto the audience. Floor 
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brightnesses can start at 0.25 ft-L at 
front of auditorium, gradually rising to 
1 ft-L on the rear crossover. 

However, brightnesses at these levels 
will put a sufficient overlay of diffused 
light on the screen to interfere seriously 
with its clarity, unless the light is pre- 
vented from getting back to the screen. 

One way to prevent it is to serrate the 
walls and ceilings; one face of each 
serration should be turned toward the 
audience and have a high light-reflection 
factor; the other face of each serration 
should be turned toward the screen and 
given a reflection factor of about 20%. 
These serrations can have various shapes, 
but a simple dogtooth section will work 
well. 

In a rectangular auditorium both faces 
of the serrations would tend to be smaller 
toward the screen end, with the side fac- 
ing the audience, larger toward the rear; 
while in an auditorium where the walls 
sloped in to meet the proscenium, the 
side of the serrations that faced the 
audience would be larger near the pro- 
scenium. 

Various rhythms of size and shapes of 
the serrations are possible, depending 
upon the creative ability of the designer 
and the limitations in shape of the 
auditorium in question. 
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By using an absorbing finish on the 
faces of the serrations that face the 
screen, and reflecting finishes on the 
opposite faces, the walls can be lighted 
directly from the ceiling by lighting 
equipment running along and close to the 
walls. This equipment can be con- 
cealed by a variety of methods. 

The ceiling will receive sufficient light 
by diffusion from the walls, but to have 
satisfactory brightness the reflecting 
faces of the ceiling serrations should be 
given a higher reflection factor than the 
reflecting faces of the wall serrations. 
However, they can be given a lower 
reflection factor if they are lighted inde- 
pendently from the walls. One way of 
doing this would be to make a horizontal 
break in the walls, say one-third down, 
providing a concealing ledge within 
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which lighting equipment of the proper 
size and performance characteristics 
could be placed to light the ceiling indi- 
rectly. Such equipment would have to 
have perfect control as spill light on the 
walls should be avoided. ‘ 
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WALL LIGHTING 
FROM CEILING 


WALL LIGHTING FROM 
CEILING WITH CEILING 
LIGHTING FROM WALL 


Fig. 5. Wall and ceiling lighting meth- 
ods for desired surround illumination. 
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Finally, both the balcony face and the 
rear auditorium wall should be given the 
same reflection factor as the dark sides of 
the serrations, so that these surfaces, 
which face the screen, will not diffuse 
significant quantities of light to the 
screen. 

If an observer placed himself at the 
screen in an auditorium designed in this 
fashion, and looked into the house, he 
would see only the dark sides of the 
serrations, and, with the exception of the 
lighted strips of floor in the aisles, the 
auditorium would appear dark. 

On the other hand, if he went into the 
auditorium and faced the screen, he 
would see a well-lighted interior having a 
brightness distribution that gave him the 
same response as the darker sequences of 
the pictures. As he looked away from 


the screen, the auditorium would appear 
still brighter, and he would find it easy to 
look away from the picture and back 
again, in much the same way as you 
find it easy to look out of your living- 
room window onto your lawn and back 
to the interior of the room again, when 


daylight is coming through the window. 

In both cases, the brightness distribu- 
tion and level is such that visual adapta- 
tion is not significantly changed in 
moving the line of sight from the screen 
into the auditorium, or from the window 
into the living room. The sensitivity to 
the pictures would remain just as unim- 
paired as does your sensitivity to what 
you can see through the window, when 
sitting in your living room under the 
conditions described. The equipment, 
shapes of surfaces and finishes have to be 
worked out with great precision to 
accomplish the desired effects, as the 
effects occur only if control of the light is 
complete. 

Colors of finishes must be selected on 
the basis of reflection factor and neu- 
trality of observers’ response. In the 
light of MacAdam’s work (see his paper 
earlier in this JouRNAL), care must be 
taken that the colors selected for the 
immediate screen surround do not dis- 
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tort the reception of Technicolor and 
Kodachrome in the eye. The aim is to 
provide a neutral surround to subordi- 
nate all elements in the theater to the 
projected image. 

The entire screen surround and theater 
interior should be designed with modern 
illuminating engineering techniques and 
data borne in mind. Lighting pro- 
posals for theater interiors can be 
analyzed and carefully checked by the 
flux analysis method and evaluated with 
newly-developed visual-comfort criteria 
(shown in Fig. 6), to insure that the 
proposed interior will be found visually 
comfortable by 100% of an audience. 
In short, a complete design technique is 
now available that will permit experi- 
ments to be investigated on paper, with 
the outcome of the various proposals 
rather definitely determined at the paper 
stage, instead of at the client’s expense 
after the theater is finished. 
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New Approaches Developed by Relating Film 
Production Techniques to Theater Exhibition 


By BENJAMIN SCHLANGER and WILLIAM A. HOFFBERG 


A larger screen, camera angles, factors of psychophysica! vision and audi- 
torium viewing are considered relative to the development of more flexible 
screen cinematography. Screen masking, surround and auditorium environ- 


ment are also considered. 


I. IS GRATIFYING to report at this time 
the increasing recognition of the signifi- 
cance of auditorium and screen en- 
vironment in relation to greater film 
enjoyment. There is also now a more 
ready acceptance of larger screens. 
These developments are due to the 
increased use of color film and the 
competition of television. The dis- 
advantages of a dark auditorium and 
screen environment have become ap- 
parent due to the recognition of the 
resulting visual fatigue and the essential 
unpleasantness of blackness; color film 
accentuates this. The Symposium on 
Screen Viewing Factors, to which this 
paper is a contribution, concerns itself 
with the above scope and is in itself 
evidence of a trend. 

Since our last paper presented to this 
Society in October 1950,! we have made 
further studies which now enable us to 


Presented on May 2, 1951, at the Society’s 
Convention Screen Viewing Factors Sym- 
posium, at New York, by Benjamin 
Schlanger and William A. Hoffberg, 
Theater Engineering and Architecture 
Consultants, 35 W. 53d St., New York 19. 
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make some definite recommendations 
for a dramatic improvement in motion 
picture exhibition in theaters. We now 
propose a substantial increase in the 
size of theater screens together with a 
new use of the increased areas beyond 
present picture sizes. The added screen 
area should be devoted to peripheral and 
interpretive cinematography as well as 
occasional use of the entire screen area 
for clearly defined images. This pro- 
posed exploitation of the additional screen 
area is of intrinsic importance. 

The advocacy and use of large screens 
has a long history. However, within the 
last 20 years, improvements in film 
grain reduction, studio set lighting and 
the increase of projection light intensity 
have now made the large screen feasible. 
Certainly the novelty factor of sound 
which was introduced about 1927, when 
large screen trials were made, has now 
been dissipated. A major fault of the 
early large screen attempts was the 
absence of a cinematography consistent 
with wide-angle viewing in theaters. 
As a result, the audience experienced the 
annoyance of moving their eyes to follow 
the extreme positions of action and the 
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Figure 1 


constant doubt as to whether they were 
looking at the center of concentration. 

In our opinion, the effective use of 
the large screen is made possible by 
the following suggested production and 
exhibition techniques: 


Flexible Cinematography 

By using the larger screen as a palette, 
a more flexible cinematography is made 
possible. The present aspect ratio 
(width: height) of 8.25:6.0 is a straight- 


jacket for the cinematographer since 
various scenes require varying aspect 
ratios. By the use of darker vignettes, 
the cinematographer at present can vary 
his shape but he must sacrifice valuable 
screen area, as observed by Lewis W. 
Physioc in 1931, who wrote: “Vi- 
gnetting and other effects are prohibited 
by the limited areas.”? The use of light 
vignettes is comparatively rare because 
existing screen surround treatments are 
invariably dark. 


<———New Screen——_-—> 


Figure 2 
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Figure 1 depicts a present screen in the 
usual dark theater as viewed from a 
distance of about 90 ft from the screen, 
which is 5 times the screen width of 
18 ft. Figure 2 is taken from the same 
viewing distance of 90 ft and shows the 
effect with a 30-ft screen; the viewing 
distance is thus 3 times the screen width. 
The size of the head in the picture is the 
same in both illustrations but Fig. 2 
illustrates a light vignette extending into 
a light screen surround and a dark 
vignette extending into a dark screen 
surround. As a result, there is no ap- 
parent aspect ratio or confining frame. 
The effects shown in Fig. 2 have hereto- 
fore been impossible to achieve. 


Synchronous, Luminous Peripheral 
Extensions 


The larger screen would be used for 
clearly defined picture content and 
vignetted as well as peripheral exten- 
sional surrounds. All of the desired 
effects would be on the 35-mm film. 
The cameraman will have designated on 
his view-finder the boundaries of clearly 
defined detail area. This area will vary 
in size and shape to suit the require- 
ments of the scene. The props, back- 
ground and people located in the 
portions beyond the clearly defined area 
will be recorded on the film only to 
establish light intensity and color, thus 
forming an atmospheric extension of the 
detailed picture. 

By the use of diminished lighting or 
increased lighting in the periphery, for 
interior shots, the outer areas are re- 
corded as vignettes which diffuse to 
light as well as dark terminations. For 
certain interior shots and most exterior 
shots, it will be more appropriate to 
use diffusing tonal extensions which 
will be obtained by placing in the 
camera or in the optical printer a filter 
which has an open area equivalent to the 
defined picture area. The above filter 
is placed at a distance from the sensitized 
film so as to establish an amount of 
diffusion which will create color and 


light intensity extension with or without 
identifiable detail. The vignettes and 
peripheral extensions would always auto- 
matically synchronize with the detailed 
portion of the picture. 


Picture Shape 


In 1929, L. A. Jones* made some very 
pertinent observations regarding various 
aspect ratios. He came to the conclu- 
sion that it is impossible to get a standard 
proportion which will satisfy the variety 
of forms of compositional construction. 
He found that for landscape and mass 
compositions the most favorable ratio of 
width: height ranged from 1.55 to 1.60 
but for portrait compositions this ratio 
varied from 0.88 to 1.48. This indicates 
the great difficulty in fixing a constant 
aspect ratio in cinematography. Flexi- 
bility of shape offers a solution. Not 
only should there exist the ability to 
vary the proportions of the rectangle 
but there should also be the possibility 
of using any other shape. It is also 
significant that it is possible to dissolve 
the sense of shape by the use of luminous 
as well as darkened vignettes and thus 
achieve a “‘shapeless shape.” 


Use of Wide Angle Lenses 


There has been a marked trend since 
1939 toward the increased use of wide- 
angle lenses in film production. Prior 
to this date, the use of a 25-mm lens with 
a camera angle of 47.5° was exceptional. 
In 1928, A. C. Hardy and R. W. 
Conant‘ stated that to avoid perspective 
distortions in theater viewing, the correct 
location is obtained by multiplying the 
projection distance in the theater by the 
ratio of the focal length of the camera 
lens to the focal length of the projection 
lens. With a camera lens of 2-in. focal 
length and projection lens of 4-in. focal 
length, as determined by present screen 
size, the best viewing position would 
therefore be at a distance from the screen 
equal to one-half the distance from the 
projector to the screen. With a 1-in. 
camera lens and 4-in. projector lens, 
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the best viewing position would be at 
one-fourth the distance from projector 
to screen. The increased use of wide- 
angle lenses therefore has a detrimental 
effect on the best viewing position in the 
theater since it throws this point too 
far forward, namely about in the third 
row orchestra. 

With the recommended use of the 
larger screen, the focal length of the 
projection lens would be reduced to 
about 2.5 in. and with a 1-in. camera 
lens, the best viewing position would be 
at two-fifths of projector to screen 
distance or about the tenth row orchestra. 
The change to larger screens is con- 
sistent with the already increased use of 
wide-angle camera lenses. 


Occasional Use of Full Screen 


Although we propose that the de- 
tailed picture area will occupy varying 
amounts of the total screen area for 
the major portion of the time, it is 
possible and advisable for climactic, 
tonic and panoramic scenes to use a 
maximum of the entire screen surface. 
This occasional use of the entire screen, 
which is all produced on the film, does 
not require the expensive and cumber- 
some mechanical spreading devices for 
the screen masking. 


Effective Use of Screen Area 


It is important to observe that in 
present cinematographic practice there 
is a tendency to “‘play safe” by avoiding 
the use of the marginal areas of the 


234 








7 
— 


YY 


Figure 4 








screen. Figure 3 is intended to express 
the diagrammatic force of pictorial 
composition as influenced by the usual 
black masking and dark screen surround. 
By way of contrast, in Fig. 4 is the 
expression of the relative effect of an 
outward force which becomes possible 
with the synchronized extension in 
light, shade and hue as previously 
described. The ability to extend im- 
portant detail and effects up to the 
extreme edges of the detailed picture 
increases the effective area of the picture. 


Visual Experience in the 
Peripheral Zone 

Psychological as well as physiological 
factors must be evaluated in order to 
analyze visual experience. Little con- 
sideration has been given heretofore to 
the problem of expressing the effects 
which occur in the peripheral zone. 
Figure 5 represents the portion of the 
field of view occupied by the camera 
angle of a wide-angle lens of 1-in. focal 
length. This angle of 47.5° includes 
varying angles of peripheral experience. 
Figure 6 indicates the portion of the 
field of view of the spectator in the 
theater from the furthest and closest 
seats, as expressed by the ratio of viewing 
distance to width of picture and shown 
as 5W and 1W. The proportion of 
the field of view occupied by the screen 
from the average viewing position is 
far less than the widest camera angle 
and occupies much too small a segment 
of the total field of view. 
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APPROX. FIELD OF VIEW 
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Fig. 6. Field of view in 
existing theaters. 
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CINEMATOGRAPHY 


Fig. 7. Field of view 
as recommended. 





Figure 7 indicates the proposed 
increase in screen size and its effects on 
the proportion of the spectator’s field 
of view as seen from 3W and 1W. It 
becomes evident that, with the increasing 
use of wider angle camera lenses up 
to 1-in. focal length, the screen in the 
theater should subtend an angle con- 
sistent with camera angles. A syn- 
chronized luminous field surrounding the 
projected picture, as hereinafter de- 
scribed, subtends a still greater angle 
into the peripheral zone. 


Concentration and Diffusion 
in the Field of View 

It is most significant that the portion 
of the field of view of the human eye, 
which appears less distinct and almost 
obscured, varies considerably with the 
amount of concentration experienced at 


any given moment. The angle of clear 
vision detail discernment narrows as the 
degree of concentration increases. In 
direct contrast with this, when there is 
least reason for concentration, as in a 
panoramic view, we seem to see a 
maximum of the total field in more or 
less clearly defined detail. The viewer 
is hardly aware of the slight movements 
of the eye muscles which enable him to 
encompass the panorama clearly. 

As concentration increases in intensity, 
the angle of clear vision decreases and 
the degree of diffusion of detail outside 
of this zone increases. These observa- 
tions offer the clues as to how best to 
interpret cinematographically these ex- 
periences and help to determine the 
types of vignettes and filters to be 
employed. For example, in an interior 
shot where intense concentration occurs, 
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the vignetting process will diffuse detail 
at a point close to the main interest 
and extend therefrom into areas of 
light or shadow as the scene dictates. 


Synchronous, Luminous Screen 
Surround 


Even the recommended enlarged 
screen does not occupy a_ sufficient 
portion of the spectator’s field of view 
in the theater. The subtended angles 
to the screen at viewing distances of 
1W, 2W and 3W are respectively 53°, 
28° and 19°. It is therefore highly 
desirable to extend the sensation of 
luminosity beyond the screen area so 
that the resultant subtended angle of 
the total luminous field consisting of 
screen and screen surround approaches 
the subtended angle of a 1-in. camera 
lens. We have found that this screen 
surround luminosity must be synchronous 
with the light intensity of each scene 
and, with color, the hue of this surround 
must be an extension of the colors in a 
scene. 

The screen surround begins at the 
edge of the projected picture and 
extends to the audience at an angle of 
approximately 45° to the plane of the 
screen. It has a slight concave curva- 
ture toward the audience in order to 
control gradations of light shading 
which are synchronous reflections of the 
projected picture. The surface of the 
surround usually consists of a diffusive 
finish. The dimensions of the screen sur- 
round will vary with the size of the pic- 
ture and the size and shape of the audi- 
torium, similar to installations recently 
made by us in the Crown Theatre, 
New Haven, Conn., and the Shopping 
Center Theatre, Framingham, Mass. 

It is, of course, mandatory to provide 
a proper transition between the pro- 
jected screen image and the luminous 
surround because of the fuzziness, color 
aberration and image movement dis- 
cernible at the edges. We have solved 
this problem by the use of a translucent 
plastic material located so as to overlap 
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the edges and to reveal a comparatively 
narrow luminous framing. This fram- 
ing successfully blends the aforemen- 
tioned defects into the luminous picture 
surround. Thus the necessity for a 
black masking is completely eliminated; 
its use would negate the effectiveness of 
the picture surround. 


Auditorium Environment 

The proposed screen size and luminous 
screen surround do not occupy a sufficient 
portion of the field of view of the spec- 
tator from the rear of the auditorium. 
It is therefore necessary to make the 
auditorium surfaces adjacent to the 
screen surround act as a transition to 
relative darkness. Fortunately, the 
tendency in theater architectural design 
has been toward the elimination of 
distracting elements on the surfaces 


visible to the audience, thus helping to 
achieve the necessary neutrality, sim- 
plicity and destruction of scale. 


Purpose and Feasibility 

1. It is highly improbable that home 
television viewing will be able to present 
the dramatic scale and impact which 
this suggested development makes pos- 
sible. An important step would thus 
be achieved toward re-establishing the 
motion picture theater as a unique 
medium of entertainment. 

2. This development provides new 
tools and techniques which help remove 
some of the shackles which have long 
hampered the cinematographer. 

3. It provides an atmospheric ex- 
tension of picture light, shade and color 
which is more closely related to visual 
experience. Certainly, the removal of 
the black surround for color pictures is 
much to be desired. 

4. It is generally conceded that the 
reduction of contrast between picture- 
light intensity and surround-light in- 
tensity will reduce visual fatigue and 
we further contend that synchronization 
of the surround and picture lighting 
will more successfully reduce this con- 
trast. 


September 1951 Journal of the SMPTE Vol. 57 





5. The ability to place important 
action in remote positions of the enlarged 
screen is consistent with the objectives 
of stereophonic sound. 

6. Most existing theaters can accom- 
modate the enlarged screen. The sight- 
line clearances in some theaters will not 
include the full height of the screen 
from some of the seats but this will not 
be serious because the obstructed areas 
of the enlarged screen will usually be 
within the zones of atmospheric exten- 
sion. The enlarged screen would be 
placed as low as possible with the intent 
of destroying the rigid horizontal line 
at the bottom of the picture. Existing 
seating patterns and distance to the 
first row of seating would not have to 
be changed since the entire enlarged 
screen is used for sharply defined images 
only occasionally. 

7. The cost of adapting existing 
theaters to this system is limited to 
providing a new screen and the surround 
treatment, new projection lenses and, 
in some instances, new projection lamp- 
houses and wiring provisions. The only 
additional operating cost is the increased 
current consumption. 

8. This development does not require 
any radical change in production equip- 
ment. The minor modifications neces- 
sary to effect the vignetting and diffusing 
characteristics herein proposed should 
not be costly. 

9. Although this development lends 
itself admirably to any increase in film 
width, it is feasible with the use of 35-mm 
film since the image enlargement which 


is required is similar to many large 
screens now in use. 

10. For new film productions using 
the above techniques, it is an important 
feature that separate prints can be made 
which are adapted for use on existing 
screens by printing only the clearly 
defined image for the entire film width 
and omitting the peripheral extensions. 
It is also possible to reprint existing 
films by the use of filters in the optical 
printer to simulate the desired effects. 

The early feasibility of this proposal 
was accented in all of the above research 
and development. 
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Report on Screen Brightness 
Committee Theater Survey 


By W. W. LOZIER, Committee Chairman 


A PRELIMINARY survey of 18 theaters 
by the Screen Brightness Committee in 
1947! disclosed interesting indications of 
theater screen illumination practice in 
this country, but was inconclusive be- 
cause the theaters covered represented 
too limited a sampling. A more ex- 
tensive survey was not carried out at that 
time because of the lack of a suitable 
meter. More recently, the General 
Electric Company placed at the disposal 
of the Committee a meter which is better 
adapted to a theater survey. Conse- 
quently, during the summer of 1950, the 
Screen Brightness Committee of the 
Society undertook a survey of screen 
illumination and related factors in 100 
representative indoor theaters. It was 
the Committee’s purpose in this larger 
survey to cover a more representative 
segment of the theaters in this country 
and to.obtain dependable data concern- 
ing their practices, with the underlying 
thought that observation and discussion 
of any undesirable conditions would pro- 
mote better projection. At the present 
time, results are available on 125 thea- 
ters, representing all except the South- 


Presented on May 2, 1951, at the Society’s 
Convention at New York, as a preliminary 
progress report on the first 88 theaters of 
this survey, by W. W. Lozier, Committee 
Chairman, Carbon Products Service Dept.. 
National Carbon Company, Division of 
Union Carbide and Carbon Corp., Fos- 
toria, Ohio. 


238 September 1951 


east and Pacific sections of the United 
States. It is believed that these results 
would not be greatly changed by repre- 
sentative coverage of these additional 
areas. 

During the course of this survey, the 
Motion Picture Research Council be- 
came interested in carrying out a parallel 
survey in the West Coast studio review 
rooms used for viewing 35-mm pictures. 
Through their cooperation, we are able 
to include in this report the results on 18 
review rooms. 


Methods and Instruments 

In contrast with the previous survey, 
all of the measurements in the present 
survey were made with an objective-type 
instrument requiring no visual photo- 
metric balance. Nearly all of the 
measurements were made with the two- 
cell General Electric combination screen 
illumination-screen brightness meter. 
A few measurements were made employ- 
ing a simple foot-candle meter in com- 
bination with an improvised device for 
measuring the screen reflectivity.? 

Data forms were simplified somewhat 
from those used in the 1947 survey and 
are illustrated in Figs. 1 to 3. 


Classes of Theaters Surveyed 

The 1947 survey was heavily weighted 
by the large downtown theaters in large 
cities. An effort was made in this survey 


Journal of the SMPTE Vol. 57 





SCREEN BRIGHTNESS COMMITTEE 
THEATER SURVEY 


THEATER _ . ‘ = DATE 
ADDRESS ____ 


REPORTED BY 








PROJECTOR 1 PROJECTOR 2 



































READ INTENSITY ON THE SCREEN IN FOOT-CANDLES AT THE FIVE POSITIONS 
INDICATED. "C;” AND "CZ ARE LOCATED 5, OF H FROM EDGES AND 5; OF W 
FROM SIDES. "8;’ AND "83 ARE ON THE HORIZONTAL CENTER AND Fr OF W 


FROM SIDES. ‘4% iS IN THE EXACT CENTER. 


SCREEN AREA SCREEN AREA 


AREA IN SQUARE FEET= Aus (1) AREA IN SQUARE FEET= Ax w= (1 
SCREEN LIGHT INTENSITY AND DISTRIBUTION SCREEN LIGHT INTENSITY AND DISTRIBUTION 
8,+ 8 / 8, + 8. / 
ai ee ft Pye. ttn 

2 _ 2 4 


C1*C C,+C, 
Lei Se ONG ee en 
2 4 2 A 

SCREEN LUMEN CALCULATION SCREEN LUMEN CALCULATION 

AX2= Ax*2=2 

8,+8,* 8,+82* 

C,+Cz C,+Cez 

satin ee © 
TOTAL = TOTAL = 


Tora . 
WEIGHTED AVG. = ot 2 (2) WEIGHTED AVG. = torat . 


RATIO 





SCREEN LUMENS = (1)*(2) = SCREEN LUMENS = (1)« (2) = 


Fig. 1. Sample data form for incident screen illumination. 


to cover a wider range of types and sizes 
of indoor theaters. Figure 4 shows the 


United States expressed both on the 
basis of percentage of theaters in various 


distribution of seating capacities among 
the 125 theaters surveyed. It also 
shows the distribution of seating capaci- 
ties among the indoor theaters of the 


seating ranges and also as the percentage 
of the total theater seating capacity fall- 
ing in the different seating-capacity 
ranges. It is seen that the distribution of 
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SCREEN BRIGHTNESS SURVEY 





CENTER SCREEN BRIGHTNESS AND REFLECTIVITY 





(Incident Illumination) x (Screen Reflectivity) = 


Method A 


(Screen Brightness) 


When using a combination illumination and bright- 


ness meter, 


measure center of screen values of 


(Incident Illumination) and (Screen Brightness) and 
calculate (Screen Reflectivity) using the above 


equation. 
Method B 


When using a reflectivity meter, measure (Screen 
Reflectivity) and combine with (Incident Illumination) 
to calculate (Screen Brightness) using the above 


equation. 


PROJECTOR 1 


INCIDENT ILLUMINATION 
FOOT CANDLES_— 

SCREEN REFLECTIVITY 
PER CENT__ 

SCREEN BRIGHTNESS 
FOOT LAMBERTS__ 


PROJECTOR 2 


Fig. 2. Sample data form for screen reflectivity and screen brightness. 


theaters covered in our survey corre- 
sponds more closely to the distribution of 
the total United States theater seating 
capacity than to the distribution of 
number of theaters among the various 
seating ranges. While the _less-than- 
500-seat theaters account for over half of 
the total number of indoor theaters, 
they account for only a little more than 
one-quarter of the total number of seats. 
Figure 5 gives the distribution of 
screen widths measured thus far. All 
but a small fraction of the screens were 
between 14 and 24 ft in width, with the 
average at approximately 18 to 20 ft. 


Screen Brightness 


The distributions of screen brightness 
encountered with 36 review-room pro- 
jectors and 245 indoor-theater projectors 


are given in Fig. 6. The present ASA 
standard limits, also shown in Fig. 6, 
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call for a brightness between 9 and 14 ft- 
L. The indoor theaters ranged in 
brightness from 3.4 to 53 ft-L, with 
approximately one-quarter below and 
about one-half within the ASA standard 
range. Two theaters which were 
equipped with highly directional “silver” 
screens had a central maximum screen 
brightness in the range of 30 to 53 ft-L. 
In the case of the review rooms, almost 
two-thirds were within the standard 
limits and most of the remaining third 
exceeded the maximum limit. 


Distribution of lumination Over Screen 

Figure 7 shows the distribution of 
illumination over the screen expressed as 
a ratio of side-to-center intensity of inci- 
dent illumination. Side distribution 
ranged from 40% to 94% for the indoor 
theaters with approximately 85% of the 
projectors falling between 50% and 80% 
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SCREEN BRIGHTNESS SURVEY 


PROJECTION DATA 


PROJECTION ANGLE 

ARC LAMP TYPE 
POSITIVE CARBON 
NEGATIVE CARBON 

ARC AMPERES 

ARC VOLTS 

PROJECTION LENS 

(a) £/ NUMBER 

(b) FOCAL LENGTH 

(c) SURFACE COATED 
TYPE OF SHUTTER 

(a) DEGREE OPENING 
DRAFT GLASS TYPE 

HEAT FILTER TYPE 
PROJECTION PORT GLASS 
TYPE OF POWER SUPPLY 
(a) RATING IN AMPERES 
(b) RATING IN VOLTS 
(c) OPERATING VOLTAGE 


TTT 


ca 
n 
=z 
Oo 


ALTE 


AUDITORIUM DATA 


SEATING CAPACITY 


Fig. 3. Sample data form for theater data. 


distribution ratios. 


The most frequent 
distribution ratio fell between 60% and 
70%. 

The review rooms differ radically from 
the indoor theaters by having a much 
more uniform distribution of illumina- 


tion over the screen. Of the review- 
room projectors 85% produced a side 
distribution between 80% and 100%. 
This more uniform screen distribution 
reflects the review-room problem of small 
screen size and excess illumination; de- 
focusing the light source to produce a 
uniform distribution is one way which 
has been used to reduce excess screen 
brightness. It means, however, that 
motion pictures are viewed in these re- 
view rooms under conditions very 
different from those prevaling in motion 
picture theaters. 

Figure 8 gives similar information on 


the ratio of corner-to-center incident 
intensity. Corner distributions are, in 
each case, approximately 10% to 15% 
lower than the side distribution and 
ranged from 26% to 83%. Figure 8 
shows, however, the same basic pattern 
as Fig. 7. 


Screen Reflectivity 

Less than half of the indoor theater 
screens had reflectivities in the 70% to 
80% range, typical of a matte white 
screen in good condition. Over 40% of 
the screens ranged from 70% down to 
32% reflectivity. Approximately 10% 
of the screens had reflectivities between 
80% and 100%. Five “silver” screens 
were in the range of 150% to 250%. A 
total of eight “silver” screens are in- 
cluded in Fig. 9. 

The review-room screens, on the aver- 
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Fig. 4. Analysis of seating capacities of survey theaters and total 
United States indoor theaters. 4 
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Fig. 5. Distribution of screen widths covered in the survey. 
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Fig. 7. Range of side-to-center distribution ratios of incident 
illumination obtained in the survey. 


age, tended to have lower reflectivities 
than the indoor theaters, but not as 
great a range of extremes. This may 
again reflect the problem of excess 
illumination and the fact that even a de- 
teriorated screen will produce adequate 
brightness with the small-size screens 
employed. However, if the low reflec- 
tivity is the result of deterioration, then 
such screens may also have undergone 
color change with resultant distortion of 
color motion pictures. 


Summary 

This survey of 125 indoor theaters has 
shown that the screen brightness falls 
within the recommended range for a 
little over half of the projectors, but that 
almost one-quarter of the theaters are 
below the recommended standards. The 
distribution of illumination over the in- 
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door theater screens ranges from very 
uniform to extremely nonuniform. 
Screen reflectivity for the indoor theaters 
ranges from values typical of screens in 
good condition all the way down to 
values representing over 50% deteriora- 
tion. 

The West Coast review rooms gener- 
ally show screen brightness within or a 
little above the recommended standards 
for indoor theaters. However, the re- 
view rooms differ from indoor theaters in 
having exceptionally uniform distribu- 
tion of illumination over the screen. 
Review-room screen reflectivities show a 
lower average value than, but not nearly 
as great a spread of extreme values as, 
the indoor theater screens. 

Compared to the 1947 preliminary 
survey, the present one shows an even 
wider range of screen brightness values, 
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but only about one-half as great a pro- 
portion of theaters below the recom- 
mended minimum brightness. Other 
factors studied, such as side and corner 
screen distribution ratio, cover approx- 
imately the same ranges as observed in 
the earlier survey. The screen reflec- 
tivities extend over a much wider range, 
including both some exceptionally low 
values and also a number of “silver” 
screens of extremely high reflectivity. 


Recommendation 

It is expected that the results of this 
survey will assist in the formulation of an 
eventual Committee recommendation 
for improvement of projection practice in 
theaters. In the meantime, however, 
it is believed that better attention to de- 
tails of operation and maintenance can 
reduce the wide range of screen bright- 
ness observed and eliminate many of the 


extreme values. It can also eliminate 
many of the highly nonuniform distribu- 
tions of illumination over the screen and 
thereby remove some of the objectionable 
conditions prevalent. 

The findings of this survey in the West 
Coast review rooms are being considered 
by the Motion Picture Research Council 
and West Coast studios in relation to 
their program of improving review-room 
practices. 
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Light Source for Small-Area High- 
Speed Motion Picture Photography 


By RICHARD I. DERBY and ARTHUR B. NEEB 


An illuminant which may be of interest to others working in this field 
has been assembled to give extremely high intensity for small-area use. 


Wan THE ADVENT of the G.E. No. 
750R-40 lamp designed for use primarily 
in high-speed motion picture photog- 
raphy, a large number of lighting prob- 
lems have been greatly aided or solved. 
In this laboratory, a lighting problem 
arose in which an area of about 2 to 3 
sq in. was to be illuminated with such 
intensity as to obtain a field depth of 
about 2 in. at the minimum subject—lens 
distance. The light source to be de- 
scribed consists of one lamp and allows 
the use of Super X (not XX) film with a 
normal exposure index of 32 tungsten at 
f/10 using a 102-mm lens and a film 
speed of 3120 frames/sec, with a subject 
of medium reflectance (about 30%). 
The source simply consists of one 
sealed-beam Par 64 No. 4560 G.E. lamp 
normally used as an airplane-wing light 
for illumination during night landing. 
' The 28-v, 600-w lamp receives its power 
through a 20-amp variable transformer 
set at 30 to 33 v; this will no doubt de- 
crease the lamp’s normal life of 25 hr. 
In conjunction with the lamp, a 6-in. 
A contribution submitted July 11, 1951, 
by Richard I. Derby and Arthur B. Neeb, 
Research Dept., General Mills, Inc., 2010 
E. Hennepin Ave., Minneapolis 13, Minn. 


planoconvex condenser lens, borrowed 
from an Omega type DII enlarger, was 
used. With the transformer set at some 
low voltage, the lamp was set up at about 
3 to 4 ft from the subject while the con- 
denser was aligned at 6 to 10 in. from the 
subject according to the desired dimen- 
sion of the spot and its intensity. Full 
voltage was applied only during actual 
exposure. 

The lamp was mounted easily in a 
short metal tube of the proper diameter, 
with a narrow flange rolled in on one 
end, against which the lamp is held by a 
Bakelite strip. The strip was fitted 
across the open end of the tube and 
attached by means of spring clips and 
pins. A mounting bracket spot-welded 
to the tube allows the assembly to be 
placed on a standard lamp stand. The 
condenser lens used with the lamp is 
fastened in a tube with a split retainer 
ring holding the glass against a flange 
rolled into the end of the tube. 

A mounting bracket is fastened to the 
assembly so that it can also be used on a 
stand. 

One must naturally take into con- 
sideration the great amount of energy in 
the form of heat which will impinge on 
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Fig. 1. Setup using the PAR 64 bulb and a condenser. 


The voltage to the bulb 


is controlled by a 20-amp variac as shown. 


the subject during exposure. Many 
machining operations, where moving 
metal parts dissipate the heat, as well as 
clear plastics, which do not generally 
absorb a damaging amount of heat 
during the short exposure interval, can 
be photographed with this light. Small, 
rapidly moving subjects which pass 


through the illuminated area are, of 
course, a natural for this light source. 


Exceptionally clear, crisp pictures 
can be obtained with this lamp because 
of the smaller lens opening and finer- 
grained films its use permits. 

Figure 1 shows the setup using the 
Par 64 bulb and a condenser. 
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Dynamic Transfer Characteristic of 


a Television Film Camera Chain 


By W. K. GRIMWOOD and T. G. VEAL 


The relation between kinescope luminance and the illuminance on the mosaic 
of the iconoscope can be measured under operating conditions by the use of 
specially prepared slides or 16-mm films. One or more small areas in any 
selected scene are replaced by areas of uniform density. A series of slides or a 
complete film consists of a series of pictures which are all identical except for 
the density of these measuring areas. The television chain is adjusted for 
satisfactory reproduction of the scene. Measurements of the illuminances on 
the iconoscope in the afor tioned areas are then plotted against measure- 
ments of the kinescope luminances in the corresponding areas. 

A number of transfer-characteristic curves are shown as examples of the 
effects of such variables as the density of the picture background, the shading 
control settings and the illuminance level. The differences between still and 
intermittent projection are illustrated by a set of transfer curves. Another 
group of curves shows the transfer characteristic of the photographic process, 
the transfer characteristic of the televising process, and the transfer charac- 





teristic of the combined film-television process. 

Because of the dependence of the transfer characteristic upon the nature of 
the scene, no single characteristic can be considered as representing the per- 
formance of an iconoscope film camera chain. 


Ke TERM “transfer characteristic” 
is taken here to define the relation be- 
tween the illuminance on the television 
pickup tube and the corresponding 
luminance of the kinescope. The adjec- 
tive “dynamic” is used to indicate that 
the transfer characteristics are measured 
under actual operating conditions. This 


Communication No. 1421 from the Kodak 
Research Laboratories, presented on Octo- 
ber 17, 1950, at the Society’s Convention 
at Lake Placid, N.Y., by W. K. Grimwood 
and T. G. Veal, Kodak Research Labora- 
tory, Rochester 4, N.Y. 


paper is concerned only with a film chain 
consisting of a motion picture film or 
slide projector, an iconoscope camera, 
a camera control and a studio monitor. 
The calculation of transfer character- 
istics from published iconoscope and 
kinescope curves is not a very satisfactory 
procedure; while the kinescope charac- 
teristics are well defined, the iconoscope 
response cannot be defined by a single 
curve. Further, the published icono- 
scope curves are not carried to as high 
illumination levels as may be used in 
practice. For example, the RCA Tube 
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Handbook curve of the RCA Type 1850-A 
Iconoscope ends at 20 ft-c; this is be- 
tween one-fifth and one-fortieth the 
illumination that may be used in actual 
operation. Because of the uncertainty of 
the iconoscope characteristic, it was felt 
that measurements might best be made 
while the television film chain was 
carrying a picture image. There is not, 
unfortunately, a single transfer charac- 
teristic. Each adjustment of pedestal, 
gain, shading or kine brightness results 
in a different characteristic. In general, 
these controls were set for best picture 
quality, a criterion which is rather vague 
and is subject to considerable variation 
between individuals. 


Slide Projection 


In order to measure the television 
transfer characteristic, we have used a 
method developed by J. G. Streiffert, 
of the Kodak esearch Laboratory. 


One or more perforations are punched in 
a slide of any suitable subject. Pieces 
punched from a film of uniform density 
are cemented into these perforations. A 
series of such slides are fabricated, the 
inserted “densities” being different in 
each slide. The slides are essentially 
identical prints from the same negative 
(except for the inserted densities), and 
the perforations are punched from a 
template so that they will be in the same 
area of the picture in all slides. One 
slide from a group of twenty-eight is 
shown in Fig. 1. Each slide in this 
group has three measuring areas: the 
spot in the white dress will be called spot 
W, the one in the black dress, B, and the 
one in the gray dress, G. The spots are 
} in. in diameter and comprise about 1% 
of the useful area of the Retina~-Camera 
size slide. While the area of the spots is 
too small to affect the response of the 
iconoscope to the picture signals, the 


Fig. 1. Sample slide, showing measurement areas. 
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spots do have a noticeable effect under 
some conditions. If the spot densities are 
either higher or lower than the highest 
and lowest densities, respectively, in the 
picture, the average luminance of the 
picture on the kinescope will shift 
slightly. For the series of slides illus- 
trated by Fig. 1, the highest and lowest 
densities were approximately 2.6 and 
0.3, respectively. Above and below 
these densities there may be some ques- 
tion as to the accuracy of the data. 

The slide projection used for these 
measurements was a Kodaslide Projec- 
tor, Model 2A, equipped with an Ektar 
f/4.5 enlarging lens and masked to 
project the 3:4 picture ratio used in 
television. The television equipment 
was an RCA film camera chain using a 
Type 1850-A Iconoscope and an RCA 
Type 1816P4 Kinescope. Relative 
illuminances and luminances were meas- 
ured with a Welsh Densichron. The 
Densichron modulates the photoelectric 
current by subjecting the electron stream 
to a 60-cps magnetic field. When the 
kinescope luminance is measured, this 
modulating field is not necessary, since 
the light is already modulated by the 
television 60-field scanning, so that a 
switch was installed in the Densichron 
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to “open-circuit” the modulating field. 
In order to make the Densichron probe 
less sensitive to position when the kine- 
scope luminance is measured, the probe 
was modified so as to accept only a 
narrow cone of light. The phototube 
used has an S4 surface. 

In general, the measuring procedure 
consists in adjusting the camera controls 
until a satisfactory picture is obtained, 
using for this purpose a slide with no 
spots. The video level is maintained at 2 v 
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Fig. 2. Slide projection, showing 
effect of surround. 
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Fig. 3. Transfer characteristic, no shading; left, slide normal; right, slide reversed. 
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Fig. 4. Sample slide, showing gray background, and measurement areas. 


peak-to-peak. Measurements are then 
made of the kinescope luminance in the 
spot areas, using the Densichron probe in 
contact with the face of the kinescope. 
The series of slides are measured and the 
spot luminances plotted against icono- 
scope illuminance. Illuminances are 
measured by projecting the slide series 
onto one of the standard Densichron 
probes. The probe is placed at the same 
distance from the projector as the icono- 
scope mosaic and so located that the spot 
area covers the probe aperture. A 
Macbeth Illuminometer is used to 
measure reference levels of illuminance 
and luminance. All of the slide curves, 
unless otherwise noted, were taken at an 
illuminance level, with no film in the 
projector, of about 800 ft-c. 

A typical set of curves is shown in Fig. 
2. This figure also illustrates the effect 
of the luminance of the area surrounding 
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the measuring spot. The controls were 
set for what was judged to be good pic- 
ture quality in a darkened room. Zero 
level on the luminance scale is about 12 
ft-L. The shading controls were ad- 
justed until the monitor cathode-ray 
oscilloscope showed a uniform white 
level. Note that spot W, which is sur- 
rounded by an essentially white area, 
does not have the luminance range of 
the other two spots. This effect may be 
decreased by use of the shading con- 
trols, but may not be eliminated. A 
similar effect, due to lens flare, is meas- 
urable upon direct projection of a slide. 
With the projection equipment used for 
these tests, the lens flare effect is, how- 
ever, negligible over the range of lumi- 
nances reproduced by the kinescope. 
Figure 3 shows curves taken with no 
shading signals. The two sets of data 
are comparable, the only difference be- 
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Fig. 5. Slide projection, showing 
progressive change of curvature and 
maximum slope of transfer charac- 
teristics as background changes from 
black (above, left) to gray (above, 
right) to white (right). 


tween them being that that on the right 
was taken with the slides reversed right 
and left, so that spot W, normally on the 
left side of the picture, is, in the right part 
of Fig. 3, on the right side of the picture. 
Comparison of the two sets of curves 
shows only small differences between the 
two B curves and between the two G 
curves, but fairly large differences in 
shape and slope between the W curves. 

A second series of slides was prepared 
with the objective of illustrating the 
effect of the picture background upon the 
transfer characteristic. These slides, one 
of which is reproduced in Fig. 4, were 
prepared from photographs of a girl in 
evening dress seated before a plain cur- 
tain backdrop. Three negatives were 
taken, in one of which the backdrop was 
black, in another, gray, and in the third, 
white. One measuring spot, designated 
as B, was located in the background area 
and another, designated as S, in the 
subject’s shoulder. The transfer charac- 
teristic was measured on the same equip- 
ment and by the same technique as used 
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in conjunction with the first series of 


slides. Pedestal, gain, brightness, and 
shading controls were adjusted for the 
most acceptable picture for each of the 
three backgrounds. The measured 
transfer characteristics are shown in Fig. 
5. Zero on the luminance scale of Fig. 5 
is 6 ft-L. These curves exhibit a pro- 
gressive change of curvature and of 
maximum slope as the background is 
changed from black to gray to white. 
The transfer characteristic for the white- 
background pictures has a nearly linear 
central portion and pronounced high- 
light and shadow compression. The 
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Fig. 6. Transfer characteristic of 16-mm 


motion picture process. 


luminance range and the slope of the 
transfer characteristic are much lower 
than those for the gray or the black back- 
grounds. 


16-Mm Film Projection 


The technique used in measuring the 
television transfer characteristic for 16- 
mm film projection is similar to that 
used for slide projection, except that the 
measuring areas were produced photo- 
graphically. A negative of the same 
scene as was used for the slide measure- 
ments was enlarged from a usable size of 
2? by 33 in. to 11 by 14 in. One-inch 
holes were punched in this positive 
transparency in the same locations as 
were used for the spot areas in the slides. 
The transparency was laid on an 
illuminator and photographed with a 16- 
mm camera, the holes being filled with 
l-in. disks of neutral nondiffusing densi- 
ties. A series of 16-mm_ photographs 
were taken, a different value of neutral 
density being used for each section of the 
16-mm film. A contact print of the 16- 
mm negative was projected onto the 
iconoscope mosaic by the Eastman Model 
250 Projector. With no film in the gate, 
the illuminance on the mosaic was 260 
ft-c. Luminances and illuminances were 
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Fig. 7. Television transfer characteristic, 
16-mm film projection. 


measured with the Densichron in a man- 
ner similar to that described in connec- 
tion with the slide measurements. 

Since the 16-mm films are made by 
photographing a transparency in which 
there are inserts of known densities, data 
are available on the overall motion pic- 
ture characteristics (including camera 
and projection optics) as well as on the 
television characteristic. Figure 6 shows 
the photographic characteristic and Fig. 
7 is one set of curves of the television 
characteristic. The differences _be- 
tween the curves of Fig. 6 are due to un- 
evennesses in illuminance in the taking 
and projection processes. These un- 
evennesses do not enter into the curves 
of Fig. 7; here, the differences are 
chiefly associated with shading. Note 
that in this example the television charac- 
teristic has a greater range of luminances 
than the photographic process character- 
istic. Not all this range is usable, how- 
ever, because the low luminance levels 
are normally masked by room lighting. 
While the characteristic of Fig. 7 may 
give somewhat poorer picture qual- 
ity than that of Fig. 6, because of the 
greater highlight compression, either 
characteristic should result in acceptable 
tone rendition. The product of these 
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Fig. 8. Overall transfer characteristic. 
16-mm motion picture process televised 
by iconoscope film camera chain. 


two characteristics is, as may be expected 
from Fig. 8, far from satisfactory. The 


spread between the three curves of Fig. 8, 
especially in the shadow region, is not 
particularly significant, since it may be 
largely corrected by adjustment of the 


shading controls. In a television film 
chain using only linear amplifiers, little 
can be done to correct the severe high- 
light compression of the overall transfer 
characteristic. Readjustment of the 
operating controls to improve tone rendi- 
tion in the highlights merely results in 
poor tone rendition in some other portion 
of the tone scale. 

Figure 6 should not be taken to repre- 
sent the optimum tone reproduction of 
the motion picture process. It does, 
however, illustrate the kind of character- 
istic which gives good picture quality. 
That the tone reproduction character- 
istic of the motion picture process is 
curved rather than linear, is not due to 
the technical inability to produce, within 
reasonable limits, a linear characteristic. 
The overall tone reproduction curve of 
the motion picture process is the result of 
the motion picture industry’s years of 
practical experience. Any assumption 
that the relation between screen lumi- 
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Fig. 9. Television transfer characteristic, 
16-mm negative film projection. 


nance and scene illuminance should be 
linear for either motion picture or tele- 
vision reproduction is not justified by 
this experience. If a television screen is 
to be viewed under conditions similar to 
the viewing of motion picture screens, 
the television film chain transfer charac- 
teristic should be approximately linear. 
(Alternatively, the television character- 
istic could be curved and the film charac- 
teristic linear; this would restrict the 
television pickup to specially made 
films.) The statement that the tele- 
vision transfer characteristic should be 
linear contains the implicit assumption 
that the material to be televised is a 
motion picture of good direct-projection 
quality. It is customary, in filming 
pictures for television use, to use flatter 
lighting than for pictures taken for dis- 
tribution in theaters. Satisfactory re- 
production of such material requires that 
the relation between the logarithm of 
luminance and the logarithm of illumi- 
nance be linear, with a slope greater than 
unity. The apparent high contrast of 
the television transfer characteristics 
shown in this paper is, in part, due to the 
use of original negatives taken with low- 
contrast lighting. 
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Fig. 10. Television transfer characteristic, 16-mm film projection; 
left, shading A; right, shading B. 
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11. Television transfer characteristic, 16-mm film projection (filtered light); 


left, normal illuminance; right, low illuminance. 


It is well known that televising a nega- 
tive over an iconoscope camera results in 
better picture quality than the televising 
of a print. While there are several 
reasons for the improvement, one reason 
is a more linear transfer characteristic, 
as may be seen from Fig. 9. Figure 9 is 
from measurements on the negative 
from which the print was made for the 
measurements plotted in Fig. 7. 

Adjustment of the shading controls 
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does not merely raise or lower the transfer 
characteristic relative to the luminance 


scale. Figure 10 illustrates the sort of 
change that results from even a slight re- 
adjustment of shading. The data of 
the left part of Fig. 10 were taken under 
the same conditions as the data of the 
right part, except for the shading-control 
setting. Readjustment of shading has 
left spot G_ practically unchanged. 
Spots B and W have been shifted upward 
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Fig. 12. Television transfer charac- 
teristic, 16-mm film projection (filtered 
light). 


on the luminance scale, but at the same 
time their slope has been reduced. It 
appears to be generally true that the 
slope of the luminance-versus-illumi- 
nance curve is changed by the shading; 
in regions where shading is used to raise 
the average brightness, the slope is de- 
creased, and vice versa. 

The effect of illuminance level upon 
the transfer characteristic is illustrated 
by Fig. 11. Data for both sets of curves 
were taken with color filters in the pro- 
jector condenser system. The zero of 
the illuminance scale for the left set of 
curves represents a level of 91.5 ft-c. 
For the right set of curves, zero level 
represents 91.5 ft-c attenuated by a non- 
diffusing neutral density of 0.7. Zero 
on the luminance scale is 5.6 ft-L for both 
figures. At each illuminance level, the 
television controls were adjusted to give 
what was considered to be the most 
satisfactory picture quality obtainable. 
The transfer characteristic measured at 
the lower illuminance level exhibits a 
shorter range of luminances and more 
marked highlight compression than the 
higher-level characteristic. These 
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curves show only the transfer character- 
istic; to the operator, there is also a de- 
cided difference in case of shading in 
favor of the higher illuminance level. 


Still-Versus-Motion Picture Projection 


The transfer characteristics shown for 
still projection and those for motion 
picture projection cannot be compared 
directly because the picture sizes and the 
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illuminance levels were not the same for 
the two cases. It was, however, found 
feasible to make a direct comparison of 
still and intermittent projection on the 
Model 250 Television Projector. By 
placing a dichroic filter between the 
lamp housing and the synchronous 
shutter, sufficient red and_ infrared 
radiation was reflected so that a piece of 
heat-absorbing glass could be placed be- 
tween the shutter and the second pair of 
condenser elements. The heat-absorb- 
ing glass absorbed enough of the re- 
maining infrared radiation so that the 
film could be left stationary in the film 
gate, with the shutter stopped in the 
open position, without serious damage to 
the film. With the shutter rotating, the 
illuminance on the iconoscope mosaic 
was 92 ft-c by measurement with a Mac- 
beth Illuminometer. The illuminance, 
with the shutter stationary, was reduced 
to the same measured value by placing a 
nondiffusing neutral density in the pro- 
jection beam and slightly readjusting the 
projection lamp voltage. The transfer 
characteristics are shown in Figs. 12(a), 
12(b) and 12(c). For all three figures, 
zero on the luminance scale is 11 ft-L. 
Figures 12(a) and 12(b) are taken with- 
out any readjustment of the television 
controls; the figures are a direct com- 
parison of constant-versus-intermittent 
illumination. Without touching the 
brightness control, the pedestal, gain 
and shading controls were readjusted to 
give the best picture quality while 
maintaining the peak-to-peak video 
level at2 v. Figure 12(c) is the charac- 
teristic measured after this readjustment 
of controls. It is evident that inter- 
mittent illumination is responsible for a 
large loss in contrast and luminance 
range and for a serious unevenness of 
luminance over the picture area. Most 
of this loss, but not all, is regained by 
adjustment of the controls. Although 
the curves for still and for intermittent 
projection (after adjustment of the con- 
trols) are similar in shape, the curves of 
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Fig. 12(c) indicate poorer highlight re- 
production for intermittent illumination. 


Conclusion 


A number of curves have been pre- 
sented, each of which represents the 
transfer characteristic of an iconoscope 
camera and a studio monitor under 
actual operating conditions. It should 
be emphasized that these curves were 
obtained under certain specified condi- 
tions and do not furnish a firm founda- 
tion for generalizations. They have 
been useful in corroborating visual 
judgment of picture quality and of pic- 
ture defects. 

There is no single transfer character- 
istic representing the light input—light 
output relation in an iconoscope film 
chain nor can a single specification exist, 
so long as the transfer characteristic is 
a function of the distribution of the light 
transmitted by the subject material. 
Discussion 

C. R. Keith: What density steps are 
used in these tests? 

Mr. Veal: We used 0.1 density steps 
in the range of 0 to 2.5. 

R. O. Drew: As photographic people 
like to think of gamma, even in terms of 
television equipment, what was the over- 
all gamma of the iconoscope, kinescope 
and film characteristic that you used in 
taking these pictures? 

Mr. Grimwood: With one exception 
the curves do not include the film charac- 
teristic. Most of the curves have no 
linear portion so there is no gamma in 
the photographic sense. The maximum 
slope in the mid-portion of these curves 
is likely to be higher than that of a 
curve having a long linear region. This 
is a compromise which must be made to 
obtain some semblance of tone scale in 
the end portions of the curves. In 
addition, the slope of the transfer charac- 
teristic is partly a compensation for the 
low-contrast lighting that is frequently 
used in producing film for televising. 
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Use of Color Filters in a 
Television Film Camera Chain 


By W. K. GRIMWOOD and T. G. VEAL 


The quality of pictures televised by an iconoscope film camera is improved by 
removing the red and infrared portions of the radiation incident upon the 
mosaic of the iconoscope. The combination of heat-absorbing glass with either 
an absorption or a reflection type of color filter can be used in the condenser 
optical system of a 16-mm projector. Such a combination of filters reduces the 
heat at the film gate enough to permit the film to be held stationary in the gate 
without damage to the film. The color filters improve picture sharpness, 
reduce shading requirements, and increase the signal level. The improve- 
ment in sharpness is partly an optical effect. The increase in signal level, de- 
spite the reduction of photoactive radiation, is believed to be an electronic 
effect peculiar to the iconoscope principle. 


I. HAS BEEN FOUND that the quality of 
pictures produced by a television film 
chain is improved if the red and infrared 
components are removed from the 
radiation incident upon the mosaic of the 
iconoscope. Experimental work with a 
number of color filters, of which the 
three curves of Fig. 1 are illustrative, 
was carried out on the Eastman 16-Mm 
Television Projector, Model 250. The 
light source of this projector is a tungsten 
lamp operated at about 3400 K. The 
greatest improvement in picture quality 
was observed when using the filter de- 


Communication No. 1409 from the Kodak 
Research Laboratories, a paper presented 
on October 17, 1950, at the Society’s Con- 
vention at Lake Placid, N.Y., by W. K. 
Grimwood and T. G. Veal, Eastman 
Kodak Co., Kodak Park Works, Rochester 
4, N.Y. 
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fined by curve 2 in Fig. 1. This com- 
bination of a 6-mm thickness of Pitts- 
burgh No. 2043 Glass (heat-absorbing) 
and a 3-mm thickness of Corning No. 
9780 Filter is recommended for use in 
the Model 250 Projector. Figure 2 
shows the location of the two filter 
glasses between the synchronous shutter 
and the film plane. This location 
necessitates the use of the heat-absorbing 
glass, the sole function of which is to 
reduce the infrared energy in the projec- 
tion beam so that there is no danger of 
breakage of the Corning filter from heat 
absorption. Placing the filters between 
the shutter and the film is preferable to 
inserting the filters between the projec- 
tion lens and the iconoscope, for several 
reasons. The latter choice is undesir- 
able because it injects the possibility of 
image degradation due to optical imper- 
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Fig. 1. Spectrophotometric curves of filters used in 16-mm television projector: 


Curve 1, dichroic No. 1 plus Pittsburgh No. 2043, 4 mm thick; curve 2, Corning No. 
9780, 3 mm thick plus Pittsburgh No. 2043, 6 mm thick; curve 3, dichroic No. 2 plus 
Pittsburgh No. 2043, 4 mm thick. 
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Fig. 2. Eastman Model 250 Projector optical system. 
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Fig. 3. Spectrophotometric curve of filters used in 16-mm projector of 100 ft-c 


illuminance. 


fections in the filter glass, or to accumula- 
tion of dust on the filter surfaces. The 
filter itself is more exposed to accidental 
breakage. The most compelling reason, 
however, is that when the filters are 
located in the condenser system, the film 
can be left stationary in the film gate 
(with the shutter operating) for an in- 
definite period without buckling. The 
radiant flux at the film gate is 0.55 mw/ 
sq cm, one seventeenth of the unfiltered 
value. The filters absorb about 35% 
of the energy within their passband and 
have a transmittance of 10% at 590 mu. 

With a projector illuminance of 250 
ft-c, the loss of photoactive light by filter 
absorption is not serious, but with a pro- 
jector illuminance of the order of 100 ft- 
c, this absorption becomes a more im- 
portant factor. Furthermore, glass fil- 
ters occupy appreciable space which 
may not be available in a projector con- 
denser system. In such situations, the 
dichroic or interference type of filter is 
therefore useful. The dichroic filter not 
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Dichroic filter plus Pittsburgh No. 2043, 4 mm thick. 


only has low loss in the transmitted band, 
but removes unwanted radiation by re- 
flection rather than by absorption. The 
latter property makes it possible to coat 
the dichroic filter directly on the rear 
element of the condenser optics. A dis- 
advantage of the dichroic filter is its 
band-climination type of characteristic, 
that is, the transmittance drops to a 
level of perhaps one quarter to one half 
of 1% in the red, but at still longer 
wavelengths the transmittance increases 
rapidly. Fortunately, Pittsburgh No. 
2043 Glass has sufficient absorption in 
the region where the dichroic filter fails, 
so that the combination of this glass and 
the dichroic filter results in a satisfactory 
filter. Figure 3 shows the absorption 
curve of a dichroic filter plus a 4-mm 
thickness of the heat-absorbing glass 
(Pittsburgh No. 2043). For this com- 
bination, the 10% transmittance point is 
at 640 my; thus, there is less loss of 
photoactive light with this filter than 
with that described by curve 2 of Fig. 1. 
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Figure 4 is a schematic drawing of the 
projector optical system for which this 
filter was designed. The location of the 
dichroic coating and of the heat-absorb- 
ing glass is indicated in the figure. 

For best results, the edge and bias 
lights in the film camera should also be 
filtered. Since little heat radiates from 
these light sources, the filtering may be 
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done with 2-in. squares of Corning No. 
9780 or No. 9788 Filters in a 3-mm 
thickness. 

Measurements of the dynamic transfer 
characteristic, taken with and without 
filters, do not satisfactorily indicate the 
observed improvement in picture qual- 
ity. If measurements are made with 
and without filters, but with no change 
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Fig. 4. Projector optical system. 


Fig. 5. Photographs of the monitor kinescope images. Photographs from the same 


frame of a normal 16-mm print. 
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Left, with filters; right, without filters. 
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in the television controls, there will be a 
distinct difference in the curves. This 
is not a legitimate technique, since the 
insertion of the filters changes the signal 
level and the shading. The signal level 
increases and the contrast increases, but 
these changes may also be produced in 
the unfiltered picture by manipulation of 


the gain and pedestal controls. When 
pedestal, gain and shading have been 
readjusted to produce an unfiltered pic- 
ture which visually matches the filtered 
picture, then the transfer characteristic 
curves have been so modified that it is 
not possible to ascribe specifically any 
difference in shape to the filters. Small 
differences in the critical highlight region 
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Fig. 6. Relative response to tungsten at 3400 K. 


I, average human eye; II, Type 1850-A iconoscope; III, chromatic aberration of 
3-in. Projection Ektar with television 12 attachment (use right-hand ordinate scale). 


Fig. 7. Photograph of the kinescope monitor image (black-and-white) 
reproducing a picture projected from 16-mm Kodachrome original. 
Left, filtered picture; right, unfiltered picture. 
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are especially likely to be masked by 
shading-control adjustments. 

Although the effects of color filters are 
not obvious from transfer characteristic 
measurements, the effects are readily 
perceived upon visual examination. 
With filters installed in the projector and 
in the television film camera, the most 
noticeable change in the picture is a 
reduction of the haze or veil which is 
characteristic of televised film pictures, 
and an increase in picture sharpness. 
The improvement in sharpness is most 
apparent in the increased detail visible 
in highlight areas. Figure 5 is repro- 
duced from photographs of the monitor 
kinescope image. Both pictures are 
from the same frame of a normal 16-mm 
print. The picture on the right was 
televised without filters; that on the 
left, with filters. The television con- 
trols were adjusted to match the pictures 
visually as closely as possible for contrast 
and brightness. The left-hand picture 
is definitely sharper in appearance; 
detail is visible in the latter that is 
missing in the right-hand picture, 


especially in the hat area. 
That the improvement in sharpness is, 
in part, an optical effect, can be seen 


from Fig. 6. In this figure, curve I 
represents the spectral response of the 
average human eye to tungsten illumina- 
tion; curve II is the spectral response of 
the Type 1850-A iconoscope to tungsten 
light, as calculated from the response 
curve published in the RCA Tube Hand- 
book (extrapolated to 800 my); and 
curve III is the chromatic aberration 
curve of the projection lens used in the 
Eastman Model 250 Projector. Visu- 
ally, this is an excellent projection lens; 
no discernible shift in visual focus results 
from the insertion of the television filters 
(Fig. 1). The eye, however, is rela- 
tively uncritical of the sharpness of the 
red and blue components of the image, 
owing to the low luminosity of these 
components and to the chromatic 
aberration of the eye. Since a con- 
siderable portion of the iconoscope re- 
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sponse lies in the red and infrared re- 
gions, where the focal plane of the lens 
does not coincide with that of the green, 
it is reasonable to expect the sharpness 
of televised pictures to be improved by 
the removal of this red and infrared 
radiation. 

The most striking improvement in 
picture quality is found in the televising, 
in black-and-white, of color film such as 
Kodachrome. Figure 7 is a photograph 
of the kinescope monitor image repro- 
ducing a picture projected from 16-mm 
Kodachrome. The unfiltered picture 
on the right is much lower in contrast 
than the filtered picture on the left, 
although this represents the best match 
that could be obtained by adjustment of 
the operating controls. 

The marked improvement in the 
quality of Kodachrome pictures, when 
the projection beam is filtered, is due 
largely to the spectral characteristics of 
the image-forming dyes. Organic dyes 
are generally transparent in the infrared 
region. When unfiltered tungsten radi- 
ation is used for projection, the mosaic of 
the iconoscope is flooded with infrared 
radiation carrying no image, but to 
which there is an appreciable photo- 
electric response. A similar degradation 
of picture quality can be produced when 
projecting silver images by uniformly 
illuminating the mosaic with a small 
amount of radiation from an auxiliary 
light source. 

A major advantage in using filters is a 
decrease in shading requirements. The 
scene-to-scene changes in shading, when 
projecting motion pictures, are reduced 
to such an extent that shading readjust- 
ments are necessary only when there are 
radical changes in the distribution of 
light and dark areas in the picture. 

The improvement in shading appears 
to be associated with an increase in signal 
level. The insertion of filters in the 
Model 250 Projector is accompanied by 
an increase in the signal as indicated by 
the monitoring cathode-ray tube, al- 
though calculations from the published 


September 1951 Journal of the SMPTE Vol. 57 








b oy @ Oo 
°e) re) ro} 


mM 
oO 


Relative response to tungsten at 3400 K 











500 


300 


400 


600 700 


Wave length in millimicrons 
Fig. 8. Relative response to tungsten at 3400 K. 


I, Type 1580-A iconoscope; II, iconoscope with dichroic filter and 4 mm of Pittsburgh 
No. 2043 Glass; III, iconoscope with 3 mm of Corning No. 9780 Filter and 6 mm of 


Pittsburgh No. 2043 Glass, 


spectral-response curve of the iconoscope 
show that the photoactive light is re- 
duced by the filters to only about 40% 
of the unfiltered value. The increase in 
signal level is approximately 20%. 
Figure 8 shows the spectral response of 
the iconoscope to tungsten radiation at 
3400 K (curve I), the response of the 
iconoscope with the dichroic filter com- 
bination (curve II), and the response of 
the iconoscope with the glass filters 
(curve III). Although the total photo- 
active radiation is reduced by filtering, 
as shown by the relative areas of these 
three curves, the average velocity of 
primary electron emission from the 
mosaic is increased, since the velocity of 
emission is greater for the shorter wave- 
lengths. Higher average velocity should 
increase the distance between the space 
charge and the mosaic, so that fewer 
electrons are repelled by the space 
charge and fewer are lost by the space 
charge to the mosaic. It follows that 
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the output level could reasonably be 
higher and the shading problem lessened 
by this action. Some improvement in 
highlight resolution could also be ex- 
pected. 

The improvement in picture quality 
resulting from the use of filters varies 
from one iconoscope to another. The 
differences in results are probably largely 
due to variations in the response to red 
and infrared, relative to the response to 
blue among iconoscopes. The edge- 
light filter which usually reduces edge 
flare has little effect with some icono- 
scopes, and has little or no effect when 
low-illuminance edge lighting is used. 
The bias-light filter normally results in a 
less critical bias-light adjustment for 
application-bar cancellation, but fre- 
quently has no appreciable effect. Fil- 
tering the projection beam nearly always 
results in a worth-while improvement in 
picture quality, but the degree of im- 
provement is less when filters are used 
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with projectors of low illuminance. 


Within the range of illuminances cur- 
rently obtained in motion picture pro- 
jection, picture quality improves with 
increased illumination; the addition of 
filters further improves the quality by 
producing a sharper picture. 
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Discussion 

E. W. Kellogg: Was it necessary that the 
visible red light be removed by the filters? 
Of course, that would seem to put some 
limitations on the applicability when you 
get into color, but as you illustrated when 
reproducing a color original, I noticed that 
the transmission characteristics of the filters 
you used cut considerably in the red. 

Mr. Veal: We do remove all the red 
light. The object is to obtain optimum 
results for black-and-white television repro- 
duction. 

R. L. Garman: Is the ultraviolet cut out 
because of lens flare, fluorescence and that 
sort of thing, or is it for the same reason that 
the infrared is cut out? 

Mr. Veal: The reduction of the ultra- 
violet was not deliberate, but the filters 
used removed part of the ultraviolet radia- 
tion. 

H. M. Gurin: Has any effort been made 
to use a light source in which the red is 
absent, so that the use of filters could be 
avoided? 

Mr. Veal: The GE pulsed light source is 
widely used. With the new FT231 lamp 
it is unlikely that there would be much 
improvement when reproducing a black- 
and-white picture. The use of filters 
would be advisable when reproducing a 
color picture in black-and-white. 
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Duplication of Color Images 
With Narrow-Band Filters 


By RODGER J. ROSS 


Outlined are some of the problems of the users of direct-positive subtractive 
color films, such as Ansco Color and Kodachrome, in producing acceptable 
duplicate images which in some cases may be third-generation reproductions. 
An experimental project will be described in which it was found that it is 
possible to produce duplicate images which may be directly compared with 
the camera originals by exposing the duplicating film with filters transmitting 
three relatively narrow spectral bands. While no attempt has been made in 
this paper to deal in any detail with the theoretical aspects of color reproduc- 
tion, a number of factors which are of great concern to the users of color 
materials have been noted — particularly the establishment of visual accept- 
ance limits for color images, and the influence of processing upon the shape and 
relationship of the three-color density curves representing an image of a 


neutral wedge. 


I, THE NORMAL white-light printing of 
color film, deliberate alteration of the 
color balance may be employed to pro- 
duce duplicate images which are quite 


satisfactory for some purposes. In the 
hands of a skillful technician, the results 
which can be achieved in this way are 
quite surprising. For instance, large 
numbers of excellent 16-mm motion pic- 
ture prints have been produced by direct 
printing from the camera originals.'? 
The problems involved in the repro- 
duction of larger still transparencies are 
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considerably more severe. Here it is 
possible for the observer to relate the 
appearance of individual colors in an 
image to objects in the immediate 
vicinity, or to make side-by-side com- 
parison of images. In addition, there is 
ample opportunity for leisurely evalu- 
ation of different image areas. 

The appearance of a color image is 
often described by the term “color bal- 
ance.” This term is at best an uncertain 
indication of the characteristics of a 
color image, for it is well known that 
color balance may be influenced by 
such factors as the conditions of viewing. 
Visual evaluation, while suggesting the 
direction in which correction should be 
made, provides no indication of the 
degree of correction required, or the 
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nature and extent of the factors which 
are responsible for unsatisfactory appear- 
ance. 

In any attempt to improve the quality 
or appearance of color images, it is very 
difficult to demonstrate conclusively the 
degree of improvement that is obtained 
in a particular case. The best that can 
be done is to say that, as a result of visual 
evaluation, the image is a pleasing 
representation of the original object or 
scene, or that a duplicate image closely 
resembles the original image from which 
it was made. This might be defined as a 
process of establishing acceptance limits 
within which satisfactory images may be 
obtained. Since the eye is particularly 
sensitive to differences in colors in side- 
by-side comparisons, the acceptance 
limits established in direct comparison of 
duplicate and original color images 
might be expected to be severely re- 
stricted, as opposed to a condition under 
which an image is evaluated in respect 
to its pleasing appearance. 

The Color Sensitometry Subcom- 
mittee of this Society, in a report pub- 


lished in the JouRNAL,’ describes the 
progress that has been made in extending 
black-and-white sensitometric proced- 
ures to the evaluation of color materials 


and color images. One of the require- 
ments of a color process might be said to 
be the reproduction of a neutral gray 
scale or wedge as a neutral image. The 
image of a neutral wedge might be 
represented by three curves on graph 
paper, derived from color density meas- 
urements on the image. Any system of 
this kind, however, must take into ac- 
count the differences in the effects of a 
color image upon the eye and its influ- 
ence upon another color material when 
duplicates must be made. There is the 
problem, too, of representing just-visible 
differences between color images of 
objects or scenes by significant quanti- 
tative differences in measurements upon 
a wedge image. Furthermore, a neutral 
image of a wedge is by no means an 
absolute requirement of a visually satis- 
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factory image of a colored object. It 
should be possible eventually, however, 
to describe a color image in terms of a 
series of numbers, or as patterns upon a 
chart or graph paper, and to apply this 
information in the control of exposure 
and processing of color materials, in 
order to ensure that an image will be 
obtained within the acceptance limits 
established as a result of visual evalu- 
ation. 

The deficiencies of the dyes of sub- 
tractive color materials have been 
described in detail in the literature. In 
brief, it may be said that as the result of 
the unsatisfactory transmissions and 
absorptions of available dyes, the colors 
in duplicate images will become de- 
graded or desaturated.‘ In addition, 
the contrast of a color image must be 
relatively high to obtain satisfactory 
color saturation.** When a color image 
such as this must be reproduced on 
another color material with similar con- 
trast characteristics, the contrast of the 
duplicate image will be further in- 
creased. Masking has been recom- 
mended as at least a partial solution for 
these problems. While it has been 
shown that it is possible to overcome 
completely the deficiencies of the sub- 
tractive process by masking, this would 
require the use of multiple masks. It is 
seldom practical, however, to utilize 
more than one mask in duplication. 
The practical difficulties involved in 
making and registering even a single 
mask have limited the use of masking 
procedures, particularly in motion pic- 
ture printing. 


Requirements for Two Languages 


A basic problem of the National Film 
Board of Canada is the production of 16- 
mm color films in English- and French- 
language versions — one of which must 
be printed from color masters. When 
the Technical Research Division first 
undertook a study of the problems of 
color reproduction in the autumn of 
1947, it appeared that no worth-while 
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contribution could be made by further 
work on conventional color-correction 
methods. The possibilities were con- 
sidered, however, of reproducing color 
film with three narrow spectral bands 
instead of white light. The idea of 
printing color film in this way was not a 
new one, even at that time. The 
Schinzels had proposed in 1937 that 
positive color prints might be made in 
this way from Agfa color negatives.’ 
Dufaycolor, an additive process, was 
being printed with three filters.* Since 
then, however, interest in three-filter 
exposure techniques, especially in motion 
picture printing, has increased. East- 
man Kodak has recommended recently 
that positive color prints from their new 
color negative should be produced in 
this way.. Kendall was one of the first to 
propose that direct-positive subtractive 
color film might be printed with three 
filters instead of white light, and des- 
cribed a modified 16-mm step printer 
which could be used for this purpose.® 
No attempt had been made before this 
project was initiated, however, to 
determine the most suitable spectral 


bands or the degree of improvement 
which might be obtained with this 
method of exposure. 

The results of the experimental work 
on this project over the past three years 
would indicate that this method of re- 


producing direct-positive subtractive 
color images has some important ad- 
vantages. The reproduction of indi- 
vidual colors can be improved and it is 
possible to exercise considerable control 
over image contrast. It is very difficult, 
as previously noted, to specify the exact 
degree of improvement that may be 
obtained. Since dye deficiencies are 
merely reduced and not entirely elimi- 
nated by this method of reproduction, 
duplicate images, identical with the 
camera originals, cannot be obtained. 
However, demonstration material has 
been assembled to indicate that duplicate 
images representing average objects or 
scenes may be made to fall within the 


most critical acceptance limits referred 
to previously — and it is often difficult to 
select the camera original. In com- 
parisons of this kind, image contrast is an 
important factor. Although it may not 
always be necessary or desirable to do so, 
the contrast of duplicate images may be 
reduced by variation of processing until 
it is actually lower than that of the 
original, with no adverse effects upon 
the acceptance limits. 

The eye is influenced by color images 
in such a way that color arrangement is 
an important factor in obtaining satis- 
factory duplicate images. In the course 
of this project it was found that if the 
original image contains a significant red 
area, for instance, there may be some 
degradation or alteration of this area in 
the duplicate image, and the failure of 
the process to reproduce this color is 
immediately apparent. The same de- 
gree of degradation or alteration will be 
present, of course, in all duplicate images 
produced in the same way, but may not 
influence the acceptance limits. In de- 
termining the most favorable color bal- 
ance, a number of camera originals with 
widely different color arrangements 
should be selected, and with this method 
of reproduction a balance may be found 
which is satisfactory for all average scenes, 
eliminating the necessity for scene-to- 
scene correction. Further alteration of 
color balance will not as a rule improve 
the appearance of duplicates which do 
not fall within the acceptance limits. 

The filters which have been used in the 
experimental work transmit relatively 
narrow spectral bands (Fig. 1). The 
object of this exposure method is to pro- 
duce an image with each filter which is 
confined to a single layer of the dupli- 
cating film. Therefore, the transmission 
bands of the filters must be selected and 
the widths of the bands must be re- 
stricted so that this objective may be 
achieved. 

When a color image has been produced 
by exposure in a camera, it should no 
longer be necessary to consider this 
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image in the same sense as an original 
scene for the purposes of further repro- 
duction, but rather as a set of three dye 
images into which the scene has been 
separated. The object in duplication, 
then, is to transfer each individual dye 
image to the corresponding layer in the 
duplicating film. Because of the unde- 
sirable transmitting and absorbing char- 
acteristics of the color-film dyes, there 
must always be more or less dye in the 
various areas in the corresponding layers 
of the duplicating film than in the three 
layers of the original image. 
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Fig. 1. The filters that have been 
used in the experimental work on the 
color duplication project. 
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When exposure is made with suitable 
filters, the light transmitted by the 
three superimposed dye images of the 
original film will be modified to that 
which will pass through these filters 
(Fig. 2). 

The transmission of the magenta dye 
in a color film for red, green and blue is 
not sharply defined, but passes gradually 
from one color to another. For a given 
sensitivity band of the green-sensitive 
layer of a duplicating film, then, the 
effective green transmission of the 
magenta layer may be much greater than 
it might appear to be. It would seem to 
be obvious that, since the starting point 
in color degradation and distortion is to 
be found in this unwanted green trans- 
mission, considerable improvementshould 
be obtained by restricting the transmis- 
sion of the magenta dye in the green 
region by means of a narrow-band filter. 

The possibility of lowering the con- 
trast of duplicate images by alteration of 
the processing times was also explored. 
It was found that the processing times 
for Ansco Color film exposed with three 
filters could be reduced by as much as 
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Fig. 2. Spectrophotometric curves. 


Curves indicated by (1) were supplied, in each case, by the Kodak Company as rep- 


resentative of the Kodachrome dyes. The 


curves indicated by (2) were calculated 


(X4)from data supplied by Kodak on the dyes and the filters selected for the three-filter 


process. The transmission of the cyan dye in 


the red, the magenta dye in the green, and 


the yellow dye in the blue is, of course, undesirable, and if this could be eliminated it 
should be possible to produce identical duplicate images. 


270 September 1951 Journal of the SMPTE Vol. 57 





30% from the recommended times, with 
no apparent adverse effects on the 
appearance of the duplicate images. 
Under these conditions, the contrast of 
the duplicates was somewhat lower than 
that of the original camera images. 
However, in lowering the contrast of 
duplicate images it is very important 
that the higher densities should be very 
nearly visually neutral — otherwise un- 
desirable alterations in the appearance 
of the images will be introduced. 

While it was not possible in this project 
to study in detail the influence of vari- 
ations in processing times upon the color 
images, it is known that processing is a 
significant factor in determining the 
shape and relationship of the three-color 
density curves representing an image of a 
neutral wedge (Fig. 3). This aspect of 
color-image formation has received little 
attention in the literature, although the 
effects of variations in time of first de- 
velopment have been described in some 
detail by Morse.” 

In addition, the precise control of 
color processing is not a simple matter.!! 


Slight variations in the constitution of the 
color developer will exert a strong influ- 
ence upon color images, and the influ- 
ence of a particular processing condition 
may not be the same with different color 
materials.'* When a small quantity of 
color developer is used to process ex- 
posed film, changes in the developer be- 
tween two successive tests may be re- 
sponsible for a change in the appearance 
of the duplicate images equal to a vari- 
ation of 10% in the exposure for one of 
the filters. 

There are, of course, some practical 
difficulties in applying the three-filter 
exposure technique in the reproduction 
of color images. When the exposure 
system consists of a white-light source 
with a particular spectral distribution, 
the illumination or the exposure time 
may be adjusted so that images will be 
obtained at a level suitable for viewing or 
projection, and the spectral distribution 
of the source may be altered to obtain 
the desired color balance by saeans of 
voltage changes or color-compensating 
filters. With a three-filter exposure 





3.0 


DENSITY 














sl eS ae ae ee 





aT 13 15 17 19 21 


Fig. 3. 


"13 15 17 19 21 


STEPS 
Color density curves on Ansco Color film. 


Left, under controlled processing conditions with which satisfactory demonstration 
material was produced, i.e., originals and duplicates which could be compared side by 


side; 


Right, conditions representative of commercial motion picture processing, with which 
it would be impossible to produce duplicate images falling within the acceptance limits 


of side-by-side comparison. 
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system in which the light transmitted by 
each filter presumably affects only a 
single layer of the film, a different set of 
conditions must be fulfilled. While it is 
somewhat more difficult to establish the 
desired color balance and image level 
with an exposure system of this kind, it is 
much more flexible. For instance, tung- 
sten or daylight-type color films may be 
exposed with the same system by suitably 
adjusting the ratio of the three-filter 
exposures. For the most critical pur- 
poses, this is a precise procedure com- 
pared to the use of color-compensating 
filters. 

The method of exposure also presents 
some problems. In the reproduction of 
still images, successive exposures with the 
three filters may be made. Kendall has 
described a 16-mm_ motion picture 
printer? employing an integrating prism 
and a three-filter exposure system in 
which narrow-band filters could be used. 
A single light source could be employed 
with some means for alternating the 
filters in the light beam. A number of 
methods might be used to alter the time 
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or intensity of exposure through each 
filter to vary the color balance. It 
should also be possible to employ mono- 
chromatic illumination in which case the 
desired spectral lines or bands might be 
selected by filters or slits. 

The three-filter exposure system has 
been used to produce duplicates of large 
still color images that are satisfactory for 
viewing or further reproduction. A 
somewhat unusual and successful appli- 
cation for this exposure method was 
found in the production of 35-mm color- 
film strips from 16-mm motion picture 
frames. These “cine-strips’ are made 
in an optical apparatus in which provi- 
sion is made for exposure through three 
filters. The color master obtained in 
this way was printed in a step printer, 
the lamphouse of which had _ been 
modified to expose the third-generation 
duplicates in the same manner. The 
three-filter exposure system has also been 
used successfully by the Banting and Best 
Institute, University of ‘Toronto, to 
reproduce medical photomicrographs 
and color transparencies in which any 


Fig. 4. Chromaticity diagram giving a 
comparison of dominant wavelength and 
excitation purity of original and dupli- 
cate color patches, both of which were 
produced by exposure of Ansco Color 
film with three filters, under conditions 
which produced acceptable duplicate 
images (from International Commission 
on Illumination). 
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alteration in color or contrast is par- 
ticularly undesirable. 

The three-filter exposure method is 
not limited to the reproduction of stills, 
as has been demonstrated in the con- 
tinuous printing of film strips in a 
motion picture printer. The techniques 
of white-light release printing of motion 
picture color film, however, have been 
developed to the point where fairly 
satisfactory prints may be produced 
from good-quality camera originals. 
Any new technique which presents new 
problems might not prove to be tech- 
nically or economically practical, in 
spite of the possibility of further im- 
provements in color quality and con- 
trast. When adequate means have been 
devised to control printing and processing 
operations by means of color sensito- 
metric procedures, precise printing 
methods such as the three-filter exposure 
technique should prove to be of great 
value in improving the quality of color 
release prints. 

There is one application in motion 
picture printing in which the three-filter 
exposure technique should prove to be 
particularly useful, however. The inter- 
cutting of optical intermediates with 
camera originals is seldom satisfactory, 
and such alternatives as A & B printing, 
and special apparatus for obtaining sim- 
ple optical effects direct from the camera 
originals must be employed. Inter- 
mediates suitable for intercutting should 
match the camera originals as closely as 
possible in color balance, the appearance 
of individual colors, image level and con- 
trast. It has been shown that duplicate 
images with these desirable character- 
istics can be produced with, the three- 
filter process. The problems involved in 
establishing and maintaining processing 
conditions, in order that motion picture 
intermediates with these characteristics 
may be produced consistently, are such 
that the closest collaboration with the 
processing laboratory is required. Facil- 
ities for processing lengths of film suitable 
for screening were not available for this 
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project, and while considerable experi- 
mental work has been directed toward 
the production of optical intermediates. 
the demonstration material is limited to 
still images. 

Some attention was directed, in the 
course of this project, to the quantitative 
evaluation of changes in color balance 
due to variations in the three-filter ex- 
posures, but a satisfactory method for 
indicating just-visible differences in the 
appearance of duplicate images has not 
been found (Fig. 4). The nature and 
extent of correction, in terms of percent- 
age variation of the filter exposures re- 
quired to obtain the desired results, was 
estimated by visual evaluation of com- 
parison images. This is unquestionably 
a very tedious and uncertain method, 
and much experimental work is involved 
in obtaining the best possible results. 
From the standpoint of the users of sub- 
tractive color films, it would be desirable 
to find some means of establishing 
acceptance limits for color images, and of 
interpreting these limits in terms of the 
nature and extent of the variations in 
exposure and in the processing conditions 
which might be required to produce 
images consistently within these limits. 

When Ansco Color film is exposed 
with three narrow-band filters, there 
appears to be increased sensitivity to 
slight changes in the characteristics of 
the film and in processing. If this is 
true, this method of exposure might 
prove to be an advantage, in a form of 
color sensitometry, in detecting and 
evaluating film and processing variations 
of little significance under normal condi- 
tions of use. There would seem to be 
some advantage, too, in utilizing the 
three-filter exposure system to set up 
reproducible color exposure conditions 
which could be readily specified and 
which should require little maintenance. 
While variations in the spectral distribu- 
tion of a light source, now commonly ex- 
pressed in terms of color temperature, 
will influence the film whether exposure 
is made with white light or with narrow- 
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band filters, it should be possible to 
specify more precisely the characteristics 
of an exposure system in relation to the 
energy in these three bands of the 
spectrum. 
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Proposed American Standard 


ALMOST FROM THE OUTSET of the motion 
picture industry, the size and shape of 
the 35-mm film perforation presented a 
continuous and continuing problem. 
The Proposed American Standard ap- 
pearing on the following pages is another 
attempt to standardize a single perfo- 
ration (Dubray-Howell) for both nega- 
tive and positive film. However, this is 
not offered now as a universal perfora- 
tion to replace the two separate standards 
but rather as a third and alternate cutting 
and perforating standard. It is again 
published here for 90-day trial and criti- 
cism. All comments should be sent to 
Henry Kogel, SMPTE Staff Engineer, 
prior to January 1952 along with a car- 
bon for Dr. E. K. Carver, Chairman of 
the Film Dimensions Committee. 

This proposal and a detailed history 
of the subject were previously published 
in April 1949; however, objections were 
raised and the proposal was rejected by 
the Standards Committee on the grounds 
that a 90-day trial period was insufficient 
for a proposal of this nature. It has 
since been thrashed out in meetings of the 
Film Dimensions Committee, changes of 
a non-dimensional character made, and 
all objections overcome. Since a period 
of well over two years has elapsed, it is 
believed that a 90-day period, subsequent 
to this publication, should be adequate 
for comment. 

A brief review of the sprocket-hole 
story is provided for background infor- 
mation. 

The first attempt at standardization 
was initiated with a paper by D. J. Bell, 
published in the Journat for October 
1916. He proposed a perforation hav- 
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ing a width of 0.110 in., a height of 
0.073 in. and rounded sides. Within a 
few years, this “Bell & Howell” perfo- 
ration was accepted almost universally 
and was formally standardized in 1922. 
This development led in turn to a re- 
design of sprocket teeth to provide a 
greater picture steadiness with the ac- 
cepted perforation. 

However, after some time, it was 
noted that this perforation gave evidence 
of fracturing at the corners when run fre- 
quently through projection equipment. 
In 1923, (on the basis of experimental 
tests) J. G. Jones proposed a rectangular 
perforation having filleted corners, the 
same 0.110-in. width and an increased 
height, 0.078 in., to eliminate sprocket- 
tooth interference encountered previ- 
ously with the 0.073-in. dimension. 
Since this new perforation might have 
given trouble in some cameras then in 
use, its use was not recommended for 
negative films. With its adoption in 
October 1925, separate standards for 
positive and negative film came into 
existence. 

The present proposal was first put 
forth by Messrs. Dubray and Howell in 
April 1932. They claimed that it com- 
bined the advantages of both perfo- 
rations and that film so perforated could 
still be used on all existing equipment 
without alteration. This, however, 
found few supporters at the time and in- 
stead the existing rectangular perforation 
for positive film was adopted in 1933 as 
the universal standard for both negative 
and positive film. Although this stand- 
ard was used for positive and sound film, 
it was not used for camera negative film. 
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In 1937 the Subcommittee on Film Per- 
forating Standards proposed withdrawal 
of the 1933 standard and adoption of the 
Dubray-Howell proposal in its place— 
but without success. 

It then became apparent that estab- 
lishing a universal perforation would be 
very difficult. This left negative film 
without an official standard and conse- 
quently the old Bell & Howell perfo- 
ration, still in common use, was re-estab- 
lished as a standard for negative film. 

The issue lay dormant until some time 
in 1945 when the American Standards 
Association asked the Society of Motion 
Picture Engineers to reaffirm or revise 
the standards, in accordance with its 
policy of periodic review of all standards. 
In the reviewing process the Motion Pic- 
ture Research Council refused to approve 
the negative perforating standard and in- 
stead proposed that the whole question 
be reinvestigated and the Dubray- 
Howell perforation be seconsidered. 
The Film Dimensions Committee, there- 
fore, initiated and carried through a 
rather thorough study of the whole ques- 


tion during 1947-48. The study re- 
vealed that this perforation had a pro- 
jection life superior to the negative perfo- 
ration and only slightly less than the posi- 


tive perforation. In addition, it oper- 
ated satisfactorily in most equipment de- 
signed for either of the old perforations 
and also produced films of satisfactory 
steadiness. (For additional information 
on the studies of the Dubray-Howell per- 
forations made by the Motion Picture 
Research Council, see the January 1951 
Journal, p. 30.) 

At about this time, the registration 
problem that exists in the printing of cer- 
tain types of color release prints enters 
the picture. It is possible to solve the 
problem by the use of cine negative per- 
forations in the release prints, but then 
shortened projection life becomes a fac- 


tor. Meanwhile, two producers used 
film having the Dubray-Howell perfora- 
tion for a number of color release prints 
and obtained very satisfactory results 
when printing from standard negative 
Bell & Howell perforations. This lent 
added weight and significance to the at- 
tempts to standardize the Dubray- 
Howell perforation and, indeed, was the 
stated reason for the publication of this 
standard initially in April 1949. 

In December 1949 Ansco proposed an- 
other type of perforation which they be- 
lieved might be superior to the Dubray- 
Howell. This is essentially the negative 
perforation but with fillets in the previ- 
ously sharp corners to provide additional 
strength. The Film Dimensions Com- 
mittee agreed to wait six to eight months 
while Ansco conducted their tests and to 
then review all the experimental evi- 
dence. This was done at a subsequent 
meeting in October 1950. The compari- 
son of the Dubray-Howell and “modified 
negative” showed little difference as to 
camera steadiness but definite superiority 
with the latter in printing. The tests 
on projection life were not complete but 
in all cases the modified negative was 
never worse than the Dubray-Howell. 
(For a more complete history on the 
Ansco proposal see the W. G. Hill paper 
in the August 1951 Journal, p. 108.) 

The Film Dimensions Committee rec- 
ommends preliminary publication of 
the Dubray-Howell proposal at this time, 
under the belief that: (1) it is not advis- 
able to delay action until final proof is at 
hand as to the best type of perforation. 
and (2) the present wide use of the Du- 
bray-Howell perforation means that it is 
probably here to stay for some time. 
The proposal is labelled “‘an alternate 
standard” in view of the continued use- 
fulness of the present standards and the 
possibility of a fourth standard becoming 
the ultimate universal single standard. 
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Proposed American Standard 
Cutting and Perforating Dimensions for 
35-Mm Motion Picture Film- Alternate Standards 
for Either Positive or Negative Raw Stock 
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Dimensions Inches Millimeters 





1.377 + 0.001 34.980 + 0.025 
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0.1870 + 0.0005 
0.1100 + 0.0004 
0.0730 + 0.0004 
0.079 + 0.002 
Not > 0.001 
0.999 + 0.002 
18.700 +0.015 
0.013 + 0.001 





4.750 + 0.013 
2.794 + 0.01 
1.85 + 0.01 
2.01 +0.05 

Not > 0.025 
25.37 + 0.05 
474.98 + 0.38 

0.330 + 0.025 





These dimensions and tolerances apply to the material immediately after 


cutting and perforating. 


* This dimension represents the length of ony 100 consecutive perfora- 


tion intervals. 








NOT APPROVED 
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Proposed American Standard 


Cutting and Perforating Dimensions for 
35-Mm Motion Picture Film - Alternate Standards 
for Either Positive or Negative Raw Stock 








Appendix 


The dimensions given in this standard represent the 
practice of film manufacturers in that the dimensions 
and tolerances are for film immediately after perfora- 
tion. The punches and dies themselves are made to 
tolerances considerably smaller than those given, but 
owing to the fact that film is a plastic material, the 
dimensions of the slit and perforated film never agree 
exactly with the dimensions of the punches and dies. 
Shrinkage of the film, due to change in moisture con- 
tent or loss of residual solvents, invariably results in 
a change in these dimensions during the life of the 
film. This change is generally uniform throughout the 
roll. 

The uniformity of perforation is one of the most im- 
portant of the variables affecting steadiness of pro- 
jection. 

Variations in pitch from roll to roll are of little sig- 
nificance compared to variations from one sprocket 
hole to the next. Actually, it is the maximum variation 


from one sprocket hole to the next within any small 
group that is important. 

Perforations of this size and shape were first de- 
scribed in the Journal of the SMPE in 1932 by Dubray 
and Howell. in 1937, a subcommittee report reviewed 
the work to date. The main interest in the perforation 
at that time was in its use os a universal perforation 
for both positive and negative film. The perforation 
has been adopted as a standard at this time largely 
because it has a projection life comparable to that of 
the perforation used for ordinary cine positive film 
(Z22.36-1947), and the some over-all dimensions as 
the perforations used in the negative film (Z22.34- 
1949). It should be particulorly noted that although 
the present standard has the same over-all dimen- 
sions as the older cine negative perforation, position- 
ing pins or sprocket teeth made to fit this perforation 
exactly will injure the corners of the cine negative 





perforation. 





NOT APPROVED 
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Engineering Activities 





PH22 

A meeting of ASA Sectional Committee 
PH22, chaired by J. A. Maurer, was held 
May 2, 1951. The Chairman noted that 
for the last several years the function of 
PH22 has been primarily one of formally 
validating proposed standards already 
thoroughly reviewed by several SMPTE 
Committees. However, the forthcoming 
meeting of the International Organiza- 
tion for Standardization (ISO) in the 
United States sometime during the 
summer of 1952 requires that PH22 play 
a more fundamental role. 

ISO’s Technical Committee 36 on Cin- 
ematography (ISO/TC 36) was formed in 
1948 for the purpose of preparing world 
standards in the field of cinematography. 
The secretariat for this Committee is 
assigned to the ASA, which means, in 
effect, that PH22 is given the responsibility 
for technical developments leading to 
world standards in this field. However, 
outside of a limited exchange of corre- 
spondence, no formal action has been taken 
and no formal meeting of ISO/TC 36 has 
ever been held. 

It has been suggested that a first meeting 
of ISO/TC 36 should be held in the 
United States some time during the 
summer of 1952—probably in New York 
City. The technical responsibility for 
formulating an agenda for this meeting 
belongs to PH22, and since this agenda 
must be determined six months in advance 
of the meeting date, negotiations leading 
to its determination must be concluded by 
the end of this year. In order to get 
things started, Mr. Maurer advised that 
he, in cooperation with SMPTE Engineer- 
ing Vice-President F. T. Bowditch, had 
reviewed all current American Standards 
and recent proposed standards, and that 
these had been referred to the appropriate 
SMPTE Engineering Committees and to 
the Motion Picture Research Council 
with the request that a definite recom- 
mendation with respect to international 
standardization be submitted in each 
case, together with reasons for such 
recommendations. 

In the discussion the question was 
raised as to whether the agenda for this first 


meeting should include all possiblestandards 
or only the most important ones. It was 
finally agreed that the agenda should be 
confined to the most essential matters, 
leaving simply as “‘not proposed” those 
present standards considered either not 
suitable or not important. 

As a matter of procedure in defining the 
agenda, it was agreed that a formal letter 
ballot of the entire PH22 Committee is 
not required. When the SMPTE notifies 
the Chairman of PH22 that a group of 
standards has been considered suitable for 
consideration as world standards, he will 
send out a letter notifying the members 
of PH22 of this recommendation, giving 
a limited period of, say, two weeks during 
which any member may register any 
objections he may have. 

In addition to the discussion on ISO/TC 
36, a limited discussion took place on the 
procedure for review of foreign draft 
standards. The newly defined scope of 
PH22, was endorsed by the Committee 
as read. 


Optics 

The Optics Committee met on May 3, 
1951, under the Chairmanship of R. 
Kingslake. Two subjects were discussed 
at this meeting: (a) the Proposed Standard 
for Lens Aperture Calibration and (b) 
the general problem of standards for 8-mm, 
16-mm and 35-mm projection lenses. 

The lens aperture calibration proposal 
was discussed in detail and a new draft 
drawn up. (This proposal will appear 
in the October 1951 Journal.) 

The only current standard for projection 
lenses is the standard for the mount of a 
projection lens for 16-mm_ projectors 
using a 2.062-in. barrel, established by 
Committee Z52 during the war and re- 
printed in JAN-P-49. This lacks a few 
detailed specifications and will be redrawn 
by the Optics Committee. The Com- 
mittee agreed that similar specifications 
should be set up for home 8-mm and 16- 
mm projectors. Dr. Pestrecov and Mr. 
Maulbetsch were asked to draw up similar 
outline limitations for two sizes of 35-mm 
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projection lenses. These will then be 
sent to all projector and lens manufacturers 
for comment. 


Film Projection Practice 


This Committee held its first meeting under 
its new Chairman, M. D. O’Brien, on 
May 3, 1951. Past activity and inactivity 
were discussed and plans made for future 
action. Specific issues tackled were: 

1. Projection-Room Plans. This is to be 
reviewed and revised by a task group of 
three and prepared for Journal publication. 

2. Projection-Room Maintenance Instructions. 
The advisability of this project was ques- 
tioned and the Chairman is to give it 
further study. 

3. Lamp-Mounting Dimensions. The need 
for standardization was emphasized and a 
survey on existing equipment proposed. 
Mr. Davee accepted responsibility for the 
initial phase of this project. 

4. Review of Standards. Two Standards, 
PH22.28 and PH22.58, were studied as 
potential International Standards but 
rejected on the grounds that they required 
revision. Messrs. Schlanger and Todd 
agreed to draw up a new draft of PH22.28. 
The Committee did not wish to over- 
extend its initial activity and, therefore, 
relegated revision of PH22.58 for future 
action. Review of PH22.4 was on the 
agenda but was tabled for future 
consideration. 


also 


Films for Television Committee 


The emulsion position of 16-mm_ film 
(toward screen or lens) has been a vexing 
problem for some time and it was again 
reviewed at the May 2, 1951, meeting of 
this Committee. Dr. Garman, the Chair- 
man, stated that he had received a good 
deal of correspondence on this question 
and that it might be helpful if someone 
would abstract the gist of the comments. 
Mr. Schlafly offered to do this and Messrs. 
Dewhirst, Misener and Veal proferred 
additional information to help round out 
the picture. (A symposium on this topic 
is to be held at the Society’s 70th Con- 
vention in Hollywood, October 15-18.) 

The new “Society Leader” was also 
discussed, the Subcommittee chaired by 
C. L. Townsend having asked the parent 
Committee for authorization to publish 
a status report. After making minor 
amendments, the Committee gave its 
approval for Journal publication. (The 
report was published in the May 1951 
Journal.) 

In addition, a new Subcommittee was 
formed, chaired by W. F. Little, dealing 
with the many problems relating to pic- 
torial quality of television films. The 
Subcommittee’s scope will also include 
preparation of a glossary of terms peculiar 
to the subject material studied and a 
continued consideration of the 30-frame 
question.—HK. 


Atlantic Coast Meeting on Animation 





At the March meeting of the Atlantic Coast 
Section of the SMPTE, Paul Terry of 
Terrytoons, New Rochelle, N.Y., showed a 
film describing the making of animated 
cartoons at his studios and then showed a 
couple of cartoons that had been featured 
in the “how-to.” Mr. Terry himself sup- 
plied the narration. A brief history of ani- 
mation was presented with appropriate 
pictures and illustrations. 

Since the dawn of man, the artist has 
been intrigued with the idea of achieving 
not only a fine record of life and events in a 
work of art, but also actual records of 
scenes in motion. The photographer at- 
tained motion when the motion picture 
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camera was perfected, but the draughts- 
man had the difficult handicap of attempt- 
ing to record a drawing so that it appeared 
to be an actual movement. 

The Stone Age genius who drew the 
Wild Boar of Altamira in Spain 20,000 years 
ago, suggested the motion of a running 
beast by drawing wiggly lines by its legs, 
exactly as the comic-strip artist renders it 
today. This represents, perhaps, the very 
first suggestion of animation. The Egyp- 
tian Goddess Isis was painted on each of 
110 columns on a temple in 1600 B.C. 
Each figure was in a progressively changed 
position so that a dashing charioteer passing 
by enjoyed an illustion of motion, with these 





110 images merging into one dancing figure. 
The ancient Greeks and Chinese also did 
much the same thing on vases and scrolls. 

Others, including the versatile Leonardo 
da Vinci, rendered different positions of the 
human figure, in which several drawings 
were superimposed on one space, suggesting 
animation. 

Perhaps the first conscious attempt at 
comical drawings suggesting motion was by 
a German named Athanasius Kircher who 
devised the first magic lantern and did two 
drawings of a mouse crawling into a sleep- 
ing man’s mouth. This was done in two 
projections of still drawings, like a comic 
strip, in 1640. 

In 1824, Peter Mark Roget discovered a 
vital principle of sight. He learned that 
the eye tends to retain an image it has just 
seen. If this were not so, motion pictures 
would be impossible. He built a spinning 
top that had a bird on one side and a cage 
on the other. When the top spun, the bird 
seemed to be in the cage. 

William Lincoln patented a device called 
the Zoetrope in 1867, and this marked the 
introduction of animated cartoons into this 
country. It consisted of a wide shallow 
cylinder, mounted on a stand. The cylin- 
der had a number of spaced slits near the 
tops and the drawings, made on a strip of 
paper about two and a half feet long, were 
inserted on the inside of the cylinder. As 
the cylinder revolved, one would look 
through the moving slits and there would 
be a sense of motion of the slightly different 
drawings on the strip. 

There were many pioneers who struggled, 
often in vain, to perfect better devices for 
animation. One even lost his sight as a 
result of such a striving, and the world is 
deeply indebted to these great persistent 
men. 

The common “flipper book” was intro- 
duced in 1868. It was made up of a pad of 
drawings bound in book fashion along one 
edge. The book was held in one hand, 
along the bound edge, while the other hand 
flipped the pages. As they slipped from 
under the thumb, the drawings, all in se- 
quence, passed quickly before the eyes and 
gave the illusion of continuous motion— 
the animated cartoon. 


The first experimental cartoon was crea- 
ted by a newspaper artist named James 


Stuart Blocton, encouraged by Thomas A. 
Edison. He made 3000 drawings of funny 
faces and jugglers and called it ““Humorous 
Phases of Funny Faces.” It was exhibited 
to the public, which found it hilarious fare 
in 1906. 

To Winsor McCay, another newspaper 
artist, goes credit for the animated cartoon 
in the form in which it appears today. 
In 1909, he made Gertie, the Dinosaur, the 
first complete story-depicting animated 
cartoon. In all, McCay made ten car- 
toons, and the work that went into each 
cartoon was staggering. He drew all the 
thousands of pictures complete with back- 
ground scenes in each. 

Paul Terry pays the greatest tribute to 
McCay, not only as the man who inspired 
him to start his own animated cartoon 
productions, but as the artist whose knowl- 
edge, ability and vision foresaw its tre- 
mendous possibilities. 

In 1915, Paul Terry, then a newspaper 
cartoonist, developed the first process for 
making one background for a scene and 
doing the animations on celluloid and 
superimposing them on the backgrounds, 
thus vastly reducing the labor. In that 
year, Mr. Terry patented the first double- 
exposure process. At present he turns out 
26 two-reel features a year at his New Ro- 
chelle plant. 

The development of both music and 
story ideas which go into Terrytoons was 
shown in color movies of Mr. Terry’s 80- 
man staff at work. Music and sound-strip 
come first, even as in Tales of Hoffman, then 
story and pictures are tailored to fit. Rap- 
port exists between composers and writers, 
however, and the composers do the score 
with a certain story line in mind. If 
Mighty Mouse is to kiss his lady, the length 
of time is estimated before the composer sits 
down at the piano. A good many motions 
are rehearsed and clocked on a metronome 
in these precomposition conferences, and 
Mr. Terry assured his audience that even a 
bull being tossed out of an arena can be 
“seen” and timed by the conferees. This 
throwing of the bull, however, does not 
impede production. 


In addition to the above report, which 
was kindly checked by Mr. Terry, we have 
been able to get the following reference list 
from Ernest M. Pittaro. 





A Reference List on Animation 


SMPE Journal Articles 


J. A. Norling, “Trick and process cinema- 
tography,” Jour. SMPE, vol. 28, pp. 
136-157, Feb. 1937. 

J. E. Burks, “‘A third-dimensional effect in 
animated cartoons,”’ Jour. SMPE, vol. 28, 
pp. 39-42, Jan. 1937. 

E. Theisen, “The history of the animated 
cartoon,” Jour. SMPE, vol. 21, pp. 239- 
249, Sept. 1933. 

W. Garity, “The production of animated 
cartoons,” Jour. SMPE, vol. 20, pp. 309- 
322, Apr. 1933. 


Magazine Articles 

J. Noble, “‘History of the animated film,” 
Intern. Phot., vol. 21, Pt. I, pp. 13-16, 
Apr. 1949; Pt. II, pp. 13-16, May 1949. 

N. Taylor, “Animated movie making for 
the beginner,” Home Movies, Aug. 1946. 

H. Black, “Lucite and Lantz came through 
for the Navy,” Am. Cinemat., vol. 26, pp. 
372-373, 392, Nov. 1945. 

W. Bosco, ‘“‘Harman unveils new animation 
unit,”” Am. Cinemat., vol. 26, pp. 190-191, 
June, 1945. 

A. Wolff, “Simple cartoons,” Movie Makers, 
vol. 18, pp. 472, 492-493, Dec. 1943. 
C. Randall, “Animation for amateur de- 
fense films,’’ Home Mowes, vol. 9, pp. 185, 

206-207, May 1942. 

C, Fallberg, “‘Animated cartoon production 
today,”” Am. Cinemat., vol. 23: Pt. I, pp. 
151, 188-190, Apr. 1942; Pt. II, pp. 202 
203, 232-237, May 1942; Pt. III, pp. 
250-251, 282-285, June 1942; Pt. IV, pp. 
300-303, 331-332, July 1942; Pt. V, pp. 
344-346, 380-382, Aug. 1942. 

M. Goldberger, ““Making maps move,” 
Movie Makers, vol. 11, pp. 479, 489-490, 
Nov. 1936. 

W. Lantz, “Synchronizing sound cartoons,” 
Am. Cinemat., (Amateur Movie Section) 
vol. 16, pp. 76, 82-83, Feb. 1935. 

H. Angell, “Animation Advice,” Movie 
Makers, vol. 8, pp. 152-153, 170, Apr. 
1933. 

W. Lantz, “Sound cartoons and 16-mm,”’ 
Am. Cinemat., vol. 13, pp. 36-37, 41, July 
1932. 


Books 


Raymond Spottiswoode, Film and Its Tech- 
niques, University of California Press, Los 
Angeles, 1951, pp. 120-146. 
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W. Foster, Animated Cartoons, Foster Art 
Service, Inc., Laguna Beach, Calif., 36 
pps. Very little text, all drawings and 
charts for those interested in the drawing 
phase of animated cartoons. This is an 
excellent treatment of modern animated 
cartoon technique. 


P. Blair, Advanced Animation, Foster Art 
Service, Inc., Laguna Beach, Calif. 
This again treats the drawing and car- 
tooning aspect of animation. It is an 
excellent reference and in constant use by 
professional animators in the industry 
but of interest to those looking for infor- 
mation about the drawing of animated 
cartoons, not their production from a 
technical standpoint. 

. Battison, Movies for TV, Macmillan, New 
York, 1950. One chapter in which ani- 
mation comes in for a light lay treatment. 


H. Gipson, Films in Business and Industry, 
McGraw-Hill, New York, 1947, 291 pps- 
Several mentions and many reproduc- 
tions of various types of animation with 
chapter on animation. Well worth 
reading. 

A. Epstein, How to Draw Animated Cartoons, 
Greenberg Publishers, 201 E. 57th St., 
New York, 1945, 64 pp. A superficial 
treatment of animation from the drawing 
standpoint. 

R. Field, The Art of Walt Disney, Macmillan, 
New York, 1942, 290 pps. Written from 
the lay viewpoint. Of interest from the 
drawing standpoint, containing many ex- 
cellent reproductions of Disney cartoons. 

N. Falk, How to Make Animated Cartoons, 
Foundation Books, New York, 1941, 79 
pps. A nontechnical treatise of interest 
to the layman. 

E. Lutz, The Motion Picture Cameraman, 
Scribners, New York, 1927, 248 pps. 
This book is outdated, but has a chapter 
with interesting information relative to 
animation. 

E. Lutz, Animated Cartoons, Scribners, New 
York, 1926, 261 pps. Although out- 
dated, this book contains some valuable 
information. 


If readers know of additional sources of infor- 
mation about animation, correspondence will be 
welcomed by Ernest M. Pittaro, 137-65 70th 
Ave., Flushing, N.Y. 





International Commission on Illumination 





Among the organizations in which our 
Society maintains official representation is 
the United States National Committee of 
the International Commission on Illumi- 
nation. 

Present SMPTE representatives to the 
USNC whose terms continue until De- 
cember 31, 1952, are: Herbert Barnett, 
General Precision Laboratory; R. E. 
Farnham, General Electric Co.; and H. 
E. White, Eastman Kodak Co. 

The ICI has these objectives: 

1. to provide an International forum 
for all matters relating to the science and 
art of illumination; 

2. to promote by all appropriate means 
the study of such matters; 

3. to provide for the interchange of 
information between the different coun- 
tries; and 

4. to agree upon and to publish inter- 
national recommendations. 

“While owing its chief allegiance to this 
country, the United States National Com- 
mittee desires to cooperate fully and 
cordially with the ICI and its other na- 
tional committees for the promotion of the 
science and art of illumination and for the 
establishment of cordial international rela- 
tions. It is important that those who act 
for the Committee keep these objectives 
fully in mind, and diplomatically extend 
friendly helping hands to other countries 
without permitting American ideals to be 
sacrificed or ignored.” 

During Session XII of the ICI held in 
Stockholm, Sweden, June 26 to July 7, 
1951, Dr. Ward Harrison of the United 
States was elected president of the Com- 
mission for a term ending in 1955. 

C. A. Atherton of the United States, 
long a delegate to the ICI, was elected 
Honorary Secretary. A paper prepared by 
Ralph Evans (Eastman Kodak Co.) was 
presented by Dr. Dean B. Judd of the 
National Bureau of Standards, because 
Ralph was unable to attend. 

Numerous items on the agenda of Session 
XII include such matters as definitions of 
fundamental terms used in the field of 
illumination and photometry, and stand- 
ards of luminous intensity and luminous 
flux. Scotopic luminosity functions for 


young eyes were discussed and relative 
luminosity values to be used in determining 
threshold response were set down at length. 
In addition, attention was given to such 
practical matters as highway lighting and 
automobile headlights. Of particular in- 
terest to Society members were the recom- 
mendations presented on the subject of 
theater screen lighting and _ television. 
These are quoted in their entirety: 


Committee 62d, Screen Lighting 
in Cinemas 


“7. Screen brightness. When showing 35- 
mm film it is recommended that the 
brightness measured in the middle of the 
screen shall be 35 (+15-10) nit. Whilst 
the measurements are being taken, the 
projector is to be running without film. 
The arc lamp current desired shall be 
accurately set, and the arc lamp shall be 
adjusted to give maximum lighting in the 
middle of the screen. In the middle of 
the short side of the screen the brightness 
must not be below 75% of the value in 
the middle of the screen. 

“2. It is further recommended that the 
Secretariat Committee shall study the 
question of desirable brightness values for 
screens less than 3 m or more than 8 m 
wide. 

“3, Stray light. The Cinema Lighting 
Committee draws attention to the French 
experiments indicating that the screen 
brightness, due to stray light (measured 
with the projector running) should not 
exceed 5% of the value obtained with the 
projector operating without film in it, and 
recommends that National Committees 
should make similar experiments. 

**4. Brightness of Surround. It is recom- 
mended that each country report at the 
next meeting, information of brightness 
screen surround, preferably including 
screen brightness values as well.” 


Committee 63, Television 


“7, It is desirable that each interested 
country, prior to the next session, should 
propose a report covering lighting develop- 
ments in the field of black-and-white 
television (lighting of the studios and for 
reception). 
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“2, It is suggested that a special sub- 
committee be appointed to deal with color 
television. 

**3. It is desirable to collect information 
dealing with the ambient lighting used 
when viewing. 

“4. It is desirable to propose in collabo- 
ration with the transmission authorities, 
instructions for the use of televiewers, 


New Members 


which will enable them to adjust their 
receivers to give the best reception. 

“5. It is desirable that a thorough 
study should be made with the object of 
improving the quality of films used in 
television. 

“6, It is desirable that a study of visual 
fatigue due to viewing be made in each 
country in collaboration with the appro- 
priate medical body.” 





The following members have been added to the Society’s rolls since those last published. 
The designations of grades are the same as those used in the 1950 MemBersuiP Directory, 


Honorary (H) Fellow (F) 


Apitsch, John W., Sound Engineer, 
Twentieth Century-Fox Film Corp. 
Mail: 10367 Cheviot Dr., Los Angeles 
64, Calif. (A) 

wae ik aa L., Jr., University of Holly- 
w . Mail: 226 Argonne Ave., Long 

Beach 3, Calif. (S) 

Demoreuille, Pierre, President, The Car- 
bone Corp. Mail: 10 Bowers Rd., 
Caldwell, N. J. (M) 

Gramaglia, Albert A., Sound Mixer, RCA 
Sound Recording Div. Mail: 685 E. 
237 St., New York 66, N.Y. (A) 

Haburton, Ralph, Chief, Processing 
Branch, Motion Picture Section, U.S. 
Air Force, Wright-Patterson Air Force 
Base. Mail: 1335 Oakdale Ave., Day- 
ton 10, Ohio. (M) 

Herald, Robert L., 1306 N. Pennsylvania 
St., Indianapolis, Ind. (A) 

Hurd, Yorick G., Physicist, Twentieth 
Century-Fox Film Corp. Mail: 228- 
35 Mentone Ave., Rosedale 10, L.L., 
N.Y. (M) 

Kammerer, Guenter, Technician. Mail: 
c/o The Vines, 1208 Drummond St., 
Montreal, P.Q., Canada. (A) 

Knutson, N. Theodore, New Product 
Designer, Bell & Howell Co. Mail: 
5230 Oakdale Ave., Chicago 41, Ill. (A) 

Koeber, Henry J., Jr., Design Engineer, 
Bell & Howell Mail: 4144 N. 
Olcott, Chicago 34, Ill. (A) 

Lakemacher, Elmer E., Machine Desi: 
Engineer, Bell & Howell Co. Mail: 
tay N. Kenneth Ave., Chicago 41, II. 
A 

Lewis, David L., Production, 16-Mm Mo- 
tion Pictures, Northrop Aircraft Co. 
Mail: 3619 Marcia Dr., Los Angeles 26, 
Calif. (A) 
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Active (M) 


Associate (A) Student (S) 


Lucas, Robert James, Chief Technician, 
Metro-Goldwyn-Mayer. Mail: 7 Orient 
St., Gladesville, Sydney, N.S.W., Aus- 
tralia. (A) 

Mentz, Charles H., Television Engineer, 
KPIX. Mail: 416 Serrano Dr., San 
Francisco, Calif. (A) 

Miyamoto, Toshio, Manager, Fukujiro 

ukano. Mail: 876 Shimokomatsu- 
Machi, Katsushika-Ku, Tokyo, Japan. 


(M) 
Mylander, Karl F., Ohio State University. 


Mail: 331 East Water St., Oak Harbor, 
Ohio. (S) 

Nupnau, Arthur, Junior Design Engineer, 
Bell & Howell Co. Mail: 3916 N. 
Sawyer Ave., Chicago 18, Ill. (A) 

Oliveri, Paul, Motion Picture Laboratory 
Technician, U.S. Army Signal Corp. 
Mail: 114-17—128th St., South Ozone 
Park, N.Y. (A) 

Poulson, William R., TV Films, 16-Mm 
Laboratory. Mail: 5044 Walmar Ave., 
La Canada, Calif. (A) 

Quateman, Joseph, Bell & Howell Co. 
Mail: 2533 Jackson, Evanston, II. 
(A) 

Roos, Dirk J., Manager, Sound Division, 
Radio Specialties Co. Mail: 34480 
Capitol Dr., Plymouth, Mich. (A) 

Schwartzberg, Henri, Motion Picture 
Film Buyer, American Theatres Corp. 
Mail: 72 Beaconsfield Rd., Brookline 
46, Mass. (A) 

Seward, Edward, Free-lance Motion Pic- 
ture Director. Mail: 3312—72 St., 
Jackson Heights, L.I., N.Y. (M) 

Shimek, John A., Production Engineer, 
Bell & Howell Co., 1700 McCormick 
Rd., Chicago 45, Ill. (A) 





Strang, William C., Specialist, 16-Mm Film 
Reports, North American Aviation, Inc. 
Mail: 4454 Lakewood Blvd., Long 
Beach 8, Calif. (A) 

Thornwald, Everett D., Design Engineer, 
Bell & Howell Co. Mail: 1348'/, 
Estes Ave., Chic: 26, Il}. (A) 

Vinton, William H., Research Manager, 
Du Pont Photo Products. Mail: Du 
Pont Club, Parlin, N.J. (M) 

Wagner, Karl L., Independent Producer. 

ail: 501 C.C. Bk. Bldg., Des Moines 
9, Iowa. (M) 

Walker, Edwin M., Motion Picture Labo- 
ratory Technician, U.S. Air Force, 
Wright-Patterson Air Force Base. Mail: 
931 Crestmore Ave., Dayton, Ohio. 


(M) 

Weber, John P., Jr., Electronics Design 
Engineer, Bell & Howell Co. Mail: 
6440 N. Albany, Chicago 45, Ill. (M) 

West, John H., In charge, Film Renovat- 
ing and Treating Laboratory, Rapid 
Film Technique. Mail: 3525—77th 
St., Jackson Heights, L.I., N.Y. (M) 


Obituary 


CHANGES IN GRADE 


Choudhury, Siraj-ul-Islam, Free-lance 
Artist, Motion Picture Production, Dept. 
of State and News of the Day. Mail: 
235 Eldridge St., New York 2, N.Y. 
(S) to (A) 

Townsend, Charles L., TV Technical 
Film Director, National Broadcasting 
Co. Mail: 49 Hillcrest Dr., DuMont, 
NJ. (A) to (M) 

Vosburgh, Richard V., TV Film Editor 
and meraman, Paramount TV Pro- 
ductions. Mail: 5800 Green Oak Dr., 
Hollywood 28, Calif. (S) to (A) 


DECEASED 


Ball, J. Arthur, Consulting Engineer, 
Color Photography. Mail: 12720 High- 
wood St., Los Angeles 49, Calif. (F) 

Winter, Ernest A., Service Inspector, 
Western Electric Co., Ltd. Mail: 14 
Hawkeshead St., Southport, Lancaster, 
England. (A) 





Jj. Arthur Ball died in Los Angeles on 
August 27 at the age of 57. In recent 
years he was actively engaged as a color 
consultant, dividing his time between 
Los Angeles and New York. 

He was an alumnus of Massachusetts 
Institute of Technology and was long 
associated with Technicolor, as an execu- 
tive of Technicolor, Inc., and with its 
subsidiary, Technicolor Motion Picture 
Corp. which manufactures the color films. 
He was Technical Director for Technicolor 
when the firm made Becky Sharp, which 
was a forerunner of a long line of color 
motion pictures. In 1938, Mr. Ball was 
given an Oscar by the Academy of Motion 
Picture Arts and Sciences for his con- 


tributions to color motion pictures. Many 
of his patents in the field of color photog- 
raphy were assigned to Technicolor for 
whom he built a camera reported to have 
cost $15,000 and five months time to 
make. 

As a consultant he had served the Photo 
Products Dept. of E. I. du Pont de Nemours 
& Co. since early 1946. During this time 
he had assisted in the development of 
Du Pont’s recently introduced motion 
picture color positive film and on other 
color motion picture products. He was 
also recently a color consultant for the 
Springdale Laboratories of Time, Inc., at 
Stamford, Conn., and for Walt Disney 
Productions. 


Motion pictures in color depend on the engineers’ knowledge of the “Principles of Color 


Sensitometry.” 


A 72-page article bearing that title and prepared by the Color Sensitom- 


etry Committee appeared in the Journal for June 1950. Attractive reprint copies may 


be purchased for $1.00. 





SMPTE Officers and Committees: 


The roster of Society Officers and the 


Committee Chairmen and Members were published in the April Journal. 








Current Literature 





The Editors present for convenient reference a list of articles dealing with subjects cognate 
to motion picture engineering published in a number of selected journals. Photostatic 


or microfilm copies of articles in m 
Libr of Congress, Washington, 
York, N.Y., at prevailing rates. 


American Cinematographer 


vol. 32, Apr. 1951 
Under Water With the Aquaflex (p. 132) 
T. Gabbani 
Editing Magnetic Sound (p. 137) L. L. 
R 


Ten Basic Factors of TV Film Production 
(p. 138) A. L. Marble 


vol. 32, May 1951 
The Westrex Magnetic Film Recording 
Systems (p. 182) R. Lawton 
Melivesat Knowhow in TV Film Pro- 
duction (p. 184) L. Alien 
In the Best Professional Manner (p. 186) 
W. Strenge 
vol. 32, June 1951 
The Kinevox Synchronous Magnetic Film 
Recorder (p. 224) R. Lawton 
Station-Production of TV Motion Pictures 
(p. 226) D. L. Conway 


vol. 32, July 1951 
Evolution of the Viewfinder Ground Glass 
(p. 262) J. V. Noble 
The Stancil-Hoffman Synchronous Mag- 
netic Film Recorder (p. 264) R. Lawton 
Economical TV Filming (p. 268) J. H. 
Battison 


Audio Engineering 
vol. 35, Aug. 1951 
Efficiency of Direct-Radiator Loudspeakers 
(p. 13) V. Salmon 
A New Approach to Loudspeaker Damping 
(p. 20) W. Clements 
British Kinematography 
vol. 17, Dec. 1950 
Practical Applications of Magnetic Re- 
Recording—Tape and Film, Pt. I, 
Historical Aspects (p. 182) K. G. Gould 


Engineering Aspects of Film Production 
(p. 196) R. Howard Cricks 


vol. 18, Jan. 1951 
Motion Picture Presentation (p. 4) S. B. 
Swingler and R. R. E. Pulman 
Technical Objectives in  Pre-Planning 
Production (p. 18) K. E. Harris 


vol. 18, Feb. 1951 

Economic Aspects of Studio Lighting, Pt. 

I, Series-Parallel Wiring of Arcs (p. 44) 
C. W. Hillyer 
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azines that are available ya & be obtained from The 
.C., or from the New Yor 


Public Library, New 


Back Projection in the Kinema (p. 56) 

J. L. Stableford 
vol. 19, July 1951 

Presidential Address (The Motion Picture 
Industry) (p. 13) L. Knopp 

The Magnetic Recording and Reproduc- 
ing Equipment for the Telekinema (p. 
19) G. F. Dutton 


Electronics 
vol. 24, May 1951 
Constructing the Tricolor Picture Tube 
(p. 86) 
vol. 24, July 1951 
Continuous Film Scanner for TV (p. 114) 


vol. 24, Aug. 1951 
Plans for Compatible Color Television 
(p. 90) 
Picture Generator for Color Television 
{p. 116) R. P. Burr, W. R. Stone and R. 
. Noyer 


General Electric Review 


vol. 54, June 1951 
Spectrum Utilization in Color Television 
(p. 18) R. B. Dome 


vol. 54, July 1951 

Over-Age Lamps May Mar Television 

Reception (p. 42) I. H. Campbell and 
H. E. Schultz 


Ideal Kinema 


vol. 17, May 17, 1951 
Projection Equipment in the Telekinema 
(p. 7) R. H. Cricks 
Televised Pictures on Large Screen (p. 9) 


International Projectionist 


vol. 26, Apr. 1951 

Honeycomb-Condenser Lamp Optics (p. 
5) A. R. Schultze 

Evaluating the Honeycomb-Condenser 
Lamp (p. 6) R. A. Mitchell 

Comparative Data Anent Nitrate Safety 
Film (p. 13) 

Theater Television via the RCA PT-100 
Equipment, Pt. V, Projectionist Operat- 
ing Procedure (p. 18) RCA Service Co., 
Technical Products Division 


vol. 26, May 1951 
The Magic of Color (p. 13) R. A. Mitchell 





Theater Television Via the RCA PT-100 
Equipment, Pt. VI, Interpretation of 
Image Characteristics (p. 18) 


vol. 26, June 1951 

Lens-Correction: What it Means (p. 5) 
A. E. Murray 

GPL’s New 16-Mm Sprocket Intermittent 


(p. 20) 


y vol. 26, July 1951 
The Magic of Color (p. 5) R. A. Mitchell 


Motion Picture Herald 


vol. 183, Pt. 2 (Better Theatres), 

P ese 2, 1951 

Changing to Faster Lenses Can Increase 
Screen Light (p. 31) G. Gagliardi 


Radio & Television News 
vol. 46, July 1951 
Practical Sound Engineering, Pt. V, A 
Brief History of Early Experiments in 
Reproducing Sound as Compared With 
Modern Systems (p. 60) H. M. Tremaine 
The Problem of Recording TV Frequencies 
(p. 16) J. D. Goodell 
vol. 46, Aug. 1951 
TV Pictures in Color (p. 38) V. Chalfin 


Tele-Tech 
une 1951 
echniques 


vol. 10, 
Television Films Adapt TV 
(p. 38) J. H. Battison 
vol. 10, July 1951 
5) Color Television Developments (p. 
28 


Your Journals bound make a valuable permanent reference. Six issues constitute a 
Volume and should be bound with the special contents page (supplied beginning with 
Vol. 56) and index furnished with each June and December issue. For details of binding 
see page 702 of the June 1951 Journal. 


Journal indexes covering the thirty-four years from 1916 through 1950 may be purchased 
from Society Headquarters. 


1916-1930 $1.25 1930-1935 $1.25 1936-1945 $2.00 1946-1950 $1.50 
American Standards form the technical foundation for motion pictures around the 
world. All current standards were listed by subject and by number in the Journal Index 
1946-1950. Reprint copies of this list, which includes all previous Journal references to 
each standard, are available from Society Headquarters without charge. 

Complete sets of all sixty current standards in a heavy three-post binder with the index 
are $13.50, plus 3% sales tax for purchases within New York City, and are available from 
Society Headquarters. Single copies of any particular standard must be ordered from 
the American Standards Association, 70 East 45th St., New York 17, N.Y. 


Test films are the customary tool for checking picture and sound performance in theaters, 
service shops, in factories and in television stations. Twenty-seven different test films 
in 16- and 35-mm sizes are produced by the Society and the Motion Picture Research 
Council. Write to Society Headquarters for a free catalog. 


Meetings of Other Societies 





Theatre Equipment and Supply Manufacturers’ Association (in conjunction with Theatre 
Equipment Dealers), Oct. 11-13, Ambassador Hotel, Los Angeles, Calif. 

National Electronics Conference, Seventh Annual Conference, Oct. 22-24, Edgewater 
Beach Hotel, Chicago. The conference is sponsored by the American Institute of 
Electrical Engineers, Institute of Radio Engineers, Illinois Institute of Technology, 
Northwestern University and the University of Illinois, with participation by the 
University of Wisconsin and the Society of Motion Picture and Television Engineers. 

The American Institute of Physics is holding a twentieth anniversary meeting in Chicago 
on October 23-27. Its member societies will hold meetings at that time as follows: 

Acoustical Society of America, Oct. 23-25 

Optical Society of America, Oct. 23-25 

Society of Rheology, Oct. 24-26 

American Physic ger Oct. 25-27 

American Association of Physics Teachers, Oct. 25-27 


RIMES nbs 


appt tS REC SL 








New Products 





Further information about these items can be obtained from the addresses given. 


As in 


the case of technical papers, the Society is not responsible for manufacturers’ statements, 
and publication of news items does not constitute an endorsement. 


Dylewski ARKTAN is arctangent co- 
ordinate graph paper available as 8} X 
11 in. tracing paper at $1.00 per package 
of 20 sheets from Orbit Electric Co., 
2710 N. Menard Ave., Chicago 39. 
Available at no charge are samples of the 
paper and a bulletin describing the paper’s 


Erratum 


use for curve plotting in scientific, mathe- 
matical, engineering or statistical analysis. 
No. 1235 has one 
arctangent scale and one linear scale; 
No. 1236 (a portion of which is illustrated 


There are two forms: 


below) has double arctangent coordinates. 





The Utiliscope, the closed-circuit television system that was described in the July 1951 
Journal, is made by the Diamond Power Specialty Corp. in Lancaster, Ohio, not in Lan- 


caster, Pennsylvania, as erroneously cited in the Journal. 


This is the industrial television 


system that has been receiving a good deal of attention in the press because of the wide 
variety of applications reported, including use in motion picture production. 
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